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Since. 1966, The Rand Corporation has been involved in the des1gn fabrlcatlon, ,

and informal testmg of closed circyit TV (CCTV) systems that enable many persons
with sev.erely impaired vision to read, write, and perfbrm othér operatlons requiring _ /_
precise eye- -hand coordination. ' w

Initially financed by Rand itself, this work has since 1970 been mam[y iungléd '
by the Sotial and Rehabilitation Service-of the U.S: Department of Health, Eduga-
tion, and Welfare. Sbme support has alsg,been protided by donations from private
citizens interested in this research. Rand has also continued to support pért of the
project with its own{funds . .

The purpose of th1s final report to SRS is to review ‘the work accomphshed
during the period. May 1, 1970, to Aprll 30, 1972, and to indicate plans f'or future
work in this area. 1

Ore of the main achlevements du,rmg\thls period has been the development of
a CCTV system with several novel featureswhich ve call RANDSIGHT@ 1. The
-desigration “II” refers to the fact that an earlier instrument, RANDSIGHT 1, had
been-designed and built solcly with Rand support prior to the start of our SRS grant. ”
The present report describes in detail the mechanical and electromc featg’res of
RANDSIGHT 1L and its operation. Another major achievement was the design.of an
" easily maneuverable platfornt, which when mcorporatéd in CCTV systems lmproves
operation and reduces cost. The report goes on to note that tests have been conducted
to ascertain that users of such systems (operatmg at accelération voltages not ex-
" ceeding, 19 kv) will not be exposed to ’harmful lévels of x-radiation. Further work

sreported here concerns largely successful tests condur.ted in-the use of a modified

RANDSIGHT’Lsysterp by partially S1ghted persons, research en electronic image -
enhancement and contrast reyersal, and dcyelopment of a simple test to determine,.-
whether a CCTV system could assist a partially sighted person in reading printed
and handwritfen materlals Next, the, report proposes some criteria for the desigh -
of CCTV systems for thé’pqrtlally s1ghted Fmially, it 1oviews research conducted
elsewhere on such- ystem‘s )
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@RAND., Tis the. Certlﬁcatlon Mark ‘of The Rand Ccrporation.
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. Rand s’ research on ‘reading and wr ltmg aids for the paxtlally 51ghted is of great
/ T mgmhcance to"the rehabilitatior® ¢f 1nany ‘persons legally claséified\as blind. Esti-
’ ~ 'mates of the number of legally blind } ~ople in the United States-vary, but on the
) ! evidence available we conclude that thex number. about 400, 0G0. More than 80
. _ percent of the legally blind are believed &Q“S-have some residual vision. We -estimate
- = that at least 60 percent of the 400,000 haveenough residual visior to potentially .
L ' - beneﬁt f‘r\om the uge of a CCTV system. In addition, there are about 600,000 literate. ‘
Americans not legally blind but unable to read a newspaper. even with the aid of"
} eyéglasses This group is:even more hkely to be aided by CCTV systems. Thus, the
total populatlon that might benefit ffomsuch systems probably exceeds 800,000.
\ o " An indication of the strofg. interest in Rand’s work in this area was provided
L by the response to an article in the Reader’s Digest in uanualy 1971 on our RAND-.
| " SIGHT research. As atesult of this article, we received over 5000 letters, cards, and -
. o ' . telephone calls from people seeking aid for tl’&mselves the1r patlents or f.rlends and
' ’ relatlves Over 120 partially sighted people visited Rand in person It was from these
. . visitors that we obtained the experlmental results described i In this report.
) T .. Another important indication of the interest and value of our RANDSIGHT
- xesearch is that hundreds of CCTV qystems, hased in large measuré on the results .
B / - of our research, have been produced and se’d to government agenCIeSﬂand ‘private
a . . individualsand are bemg used successfully in schools in hbrarles, op the JOb an?i )
: ‘ in the home
, Neither The Rand Corporatlo 1 nor the project StaH has any financial interest
N ‘ " inany company that manufactures, distributes, or sells closed circuit TV systems
’ " for the partially sighted. Rand makes the results of its research freely available to
any person or.organization interested in hélping the visually impairegi .

N

N
o»
3

~
\

—
N
e




s
. . '
r‘ N

K

= ACKNOWLpDGMENTs-

N
. ot 4
C oy . N
“

I

‘ “modifying ‘our TV tfionitors, J. Beavers for producing the hghtbox trans
and the phetograghs for this report G. N. Lucas for preparmg the ciréuit 1agrams, o

The authors wish to thank G. W Dletrl(,h and O Garza for the fabrication of
RANTSIGHT 1 and our XY };}étf‘orms The quality of construdlon ofithese devices
is due.in large-nfeasure to their competence.

. The authors thank their former colleagues R. A. Matthews and H Steingold for
their contributions to early mstrument design. They also than’k A. C. Lucero for

and M. R. Davis for his support’ and mterest

. We are indebtéd-to G. H. Fisher and C. Gazley, Jr. -for readmg a draft of this

report an,d givingy us their suggestions and, criticisms, The incorporation of many of

‘their suggestions And the heeding.of many vf their cr1t1c1sms have significantly

improved the final product. We are also appreciatiye ofhe carefyl Xnd competent

E ed1tmg prov1ded by E. T. Gernert, O. Hoeﬁ'dmg, and M. A. Pal t1er'

* A special thanks is due to M* Wray who helped us cope with the thousmds of

letters 'and calls generated by the Reader’s Digest article on our. RANDSIGh I

o rese_a'rch‘arid who very patiently typed various drafts of this repért.

) o ot

J

arencies-




Y

\ ~ ‘.9 g /
\ R ! a N . ’:‘Y' . \ t ¢ ;
i N N > - * 5 .
A . . & - A )
CONTENTS L
~ ) e
‘ "0 Ir »
» 4 = - ! ! kY g
' P?REFACE ............................................................. il N v
R . \ i
n s /,‘ﬂ >
ACKNOWLEDGMENTS. ... .. s g oo SERTA
FIGURES.......,.....f...::..m."_f".f...‘_, ................... U S
Al N . . .‘j v o ' ' ’ ‘\ . .
. Sectlon . o o ’ . . ‘ ‘ .
- I INTRODUCTION AND SUMMARY ..... e P e 1 o ‘ ..
" Closed Circuit TV for the Partially nghted ......... e ... 1\' ” - T
Main Resultsof'theResearch ............... e e -
) Plans for Future Research ...... S S R RTERRTERS 6 S
’ - BN ) . o ) -
* ' “II. RANDSIGHTIT. ....,... P U, - 8
! Mechanical Design............. e e Dt 9 - .
. " The Instrument ..........,.. PURTI e e : 1. . oy
Operdtional Conirol ...................... SLTTRTTTpRY e 16 . /‘ P
° Reading. .... A 19 .
' Writing . 7...... N L e 2
‘Summary Remarks.......... e e S v 247
[ . . W .
’ IIl. X-RADIATION ........ TR DT SRR 25 .
L ' , - . ) V . » :
IV, X-Y PLATFORM ...« ... oo, e 97 . .
T Description of the X-Y Platform ............. B 27
.. o " Reading and Writing with the X-Y Platform....................... 32
V. PERFORMANCE OF PA’RTIAL Y SIGP1ED WITH . . , . o \ ‘
- . ~ RANDSIGHT I EQUIPPED WITi] AN X-Y PLATFORM ........ .. 36 B
: Test Frocedure.... ...l e PRERRRE . 36 .
. Test Kesuits............ L 40
* 72 Some Observations on Test Results .. ... it e oee 48 T
: : JR o L Lo
i \ ! “ s * ~ “ : .
' ' } ) vii | , N L
' - 3 h . ) , i .
3 8 . N . *




. 3 O 0 . ¢
. ;Q -‘\ Ul “'*
- o ’ -
. ; . -
i . ‘r | " . -
\ . . . . i . N . . 3
VL ELEC’I‘@ONIL IMAGE ENHANCEMENT .......................... 55
" Cohtrast Reversal ... ... e N e 55 '
Contrast Enhancemert. . . . . . e P 56 ,
Electronic Window .......... e e e e e . 57
Video Infprmatlon Processor. .., ............. E 58 i
. . . X A
- . VIL LIGHTBOX TEST ........c.ooiiiii e 60
, viL 'SOME CRITERIA FOR CLOSED CIRCUIT TV SYSTEMS FOR . . '
: THE PARTIALLY SIGHTED....................... Lo 53 '
' Generdl Criteria. . ... B e 63
TV Camera and TV Monitor Criteria, ... . ........... e .. 64 : L
, Criteria for the'Illvmijnator ............ e 65 e
Criteria for the Zoom-Lens System....... A P 66 . \
. ' Criteria for the X-Y Platform ............ S N S .". 67- '
p d '
, IX OTHER .RESEARCH ON CLOSED CIRCUIT TV »SYSTEMS FNR
y THE PAR’I‘IALLY SIGHTED ......... e T P 69 I |
. | -~ . o TR . ) . o
g+ oo REFERENCES ..... ' ...... P, e e E]
L Appendlx }
. ) ' " A. COPY OF SI;IEPHERD LECTER REPORTING ON X-RAY ’
S . MEASUREMENTS............:.. RN N £
} “B. RANDSIGHTI........... N LA, T N .
J C. MONITOR ELECTRONICS. ™ ...................... i 9 .
D. 'VIDEO INFORMATION PROCESSOR CIRCUIT DETAILS e 86 .
v o N v >
0 . \) ' ] ’ ) o '. e .
!
- . \ ' . / - -
. ‘ A
; > .
l “ v ( ,
. i “ i X
] § ) L _ L4
. L
J N .
r | : . \ A
| /
\’ .
-
- ‘ )
‘ ‘o 'e2 viii .
. " ’
. &™ ° 9 e
§ - . 5
. - '
b |




|
} s . 12a.
} .

i ‘ - 12b.

¢

. \

13
' q
1.
AN . , e 3.
e _ '3a.
( " 2 3b.
E , 4a.
By A

N,

i \ ~u ' . ) i “
. /m_ 2 ) -
h( . A
ﬁ( . /‘ . /‘l )
%
4 " ‘\; P
N
. ™~
" FIGURES:- =~ o
Slde Vlew of RANDSIGH'P Ils Camera Mcunt Showmg Motors L ‘ , 4
"and, Some of the Rack and Pinion Gear Systems That BroVnde S ’ e
" Vertical and Horizontal Motions. . ......0.....00«........ e 10 .
_Front'View of RANDSIGHTII ... . ... e PR e 12
View of the Top of RANDSIGHTII........................ ... 18 (
Monitor and Moriitor Mount of RANDSIGHT m............ U 13 .
" Box Contammg Switches That Control the Vertical Motxon o o C g
'of the,Camera and Monifors ....7............... e e 147 T ;
- The Control Unit. .. ...: N U e 14 ' '

Foot Pedals That Control the Horizontal Motion of tL.e Camera ... . 15
View of TV Meritor All the Way Béick and at Its"Highest . '
Position .................. e e RN &

View of TV Monitor All the Way Forward; at Its Lowest Position, ° ‘ _ h
'and Rotated about a Hori~ontal and Two Vertical Axes . ........ .18 -
RANDSIGHT II Being Used for Reading in Mode A-. .x....... L 21 o — '
Top View of X-Y Hlatform Showing Its*Working Surface 4 /' ' . '
Displaced to the nght and the Rear? ........................ 29 «
X-Y Platform Lying on Its Workine Jurface (the Base Plate Has " : T
. Been Removed To Show Details of the Drawer, Slide Consbruﬁlon) 30 ‘ .
'X-Y Platform Lying on Its Working Surface (the Base Platé . y -
Been Removed To Show Détails -of the Braking System and R
Drawer Slide Construction) ..................00c.ccooiinn... ) .
X-Y Platform Bemg Used for Reading in Con_]unctlon with ' ) ' J
- RANDSIGHT I.....%.... e e e 34 .
X-Y. Platform Being Used for Wntmg in COHJUHCthx\ with ) 4
RANDSIGHT I........ B PP - 35 !
Subject Viewing a Negatlve Transparency on the nghtbex Type
Shown {from Top to Bottom) Is.Magmﬁed 1x, 25( and 4x, |
Respectwely e A e 61 *
Subject Viewing a Positive Transparency on the'Lightbox_; Type
Shown (from Top to Bottom) Is Magnifiéd 8x ‘and 16x
Respectively ,................ ey e - 61
~f . ) S i 4
"ix . ~

\
.o
g RS ¢




'13a.

13b

14a.
14b.
- 15.

17.

4

A

Schematic of Original Momtor Circuit ...,
Schematic of Monitor Circuit bhowmg Initial Modxﬁcatlon

for Video Reversal ... .. ... .0 v
Schematic of Circuit Showing Vertncal B]anl tng M _dification. .. ..
Schematic of Circuit Showing Horlzonta] Blanking Modification. |
Schematic Showmg Contrast- Reversal Modlhcatlons to TV
Monitor ......0 . P
Schematic of Electromc Wmdow and Horizontal Blanking

Cncunts .......................................................




<

- I. INTRODUCTION AND SUMMARY

’

CLOSED CIRCUIT TV FOR THE PARTIALLY, SIGHTED

The Rand Corporation has been working for the past six years on the design,
{ibrication. and informal testing of closed circuit TV (CCTV) systems for the par-
tially sighted.! These instruments'permit a large fraction of the legally blind popula- -
tion, as well as persons who have severe visual impairment, to read printed ana"{
handwritfen material, to write with a pen or penc\il, and to carry out other oper- - ) .
ations that require precise eye-hand coordination.* Over the past two years, more
than 120 partially sighted people have tried out our CCTV systems. Theéy ranged in
age from 5to 9C +nd had « wide variety of.cye disorders, mcludmg macular degener-
ation, retinitis pigmentgs3, optic nerve atrophy, and diabetic retinopathy. Many of
these .penp’e (ue unable to read prmted or handwritten material or to write with a
pen or penci. w.thout the aid of a CCTV system.
The exact number of legally blind people in America is not known. However,
based on available data, we have toncluded that thev number about 400,000.* Ac-
cording to Trouern “Trend, rhore ‘than 80 percent of the legally blind have some
residual vision, and we estimate that at least 60 percent of them have enough ) P
residual vision to benefit from the use of a CCTV system. In addition, about a million :
literate Americans are unable to read a newsraper even with the aid of eyeglasses.
Therefore, under the assumptions that {i) there are 400,000 legally blind in
America. (2 6Q percent of them could benefit from a CCTV system, ‘3) the legally

' The term vartiallv sighted as used here includes all the visually impaired who are functionally
sighted or nctionally sighted with aided mobility. These terms are carefully defined in Ref. 1. Roughly
speaking, Lartially sighted refers to those whose visual acuity in their better ¢ye does not exceed 20/70

~ even with the aid of corrective lenses, but who can visually resolve printed material with or without the
additional aid of optical or electro-optical devices. It also’includes those whose visua! acuity exceeds 20/70
but whose ‘isual field is greatly restricted in ‘size and geometry. 2

¢ Earlier Rand reports on this'work are referenced in [1], {2),{3]. [4]. [5] and [6]. Bracketed numbers ,
refer to th.> references that are found at-the end of the text.

“ K. Trouern-Trend [7] estimates the legal}y blind population of the United States to be about 300,000.
‘The National Society for Prevention of Blindness (in “Estimated Statistics on Blindness in Vision Prob-
lems”) estimates it to be about 400,000. N. Bier (8] estimates that: it is "very much larger” than 300,000
thased on an estimated U.S, populahon of 180 million). Various ophthalmologxsts and optometrists have
informed us of their conjectural estimates, which rangé from 500, 000 to in excess of 500,000.

>
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£ blind are & subset bfthe million who caniot read newspaper type, and (4) the 600.000

we may.conclude tHat over 800,000 Amei icans goula benefit from such a device.
The value of our RANDSIGHT @) research is attested to by the hundreds of
CCTV systems, based in large measure ori the results of our research, that have béen’
L, v - produced and sold to government agencies and private organizations and ind’vidu-
o als.® These systems are helping pertially sighted people of all ages. For exam;. ,

they permit students ts r-~d the pages of a book, take notes, write reports, or do

have béen closed to them because of their limited eyesight. (Such-devices perm: ¢

| poris.) CCTV systems are also enabling the elderly to read, write, and sew long after

their vision has become s0 poor that they are unable to carry on these enjoyable

~.activities with their "t‘maided eyes or even with eytglasses. ~

3 - ; : Many partjally sighted peeple, who are unable to read or write even with the

~ aid of éyeglass_es, are very concerned with their inability tq read personal mail, to
examine bills, .and to write checks without the help of a 'sighted person. Their
inability to carry out such activities unassisted implies a loss of privacy ahd in-

i

them to carry on these important day-to-day functions in complete privacy. Though
this may not in itself justify the-cost of a CCTV syste/’m, it nevertheless contributes
¢ . astrong argument for placing such systems in the hands of many partially sighted
people. ., : o
;O‘ne of the primary redsons that a CCTV system proves so useful to the partially
sighted is that it. is an image enhancement device. This means that the signal
received by the TV camera can be electronically manipulated in the camera, in the.
monitor, or in a “black box” placed between the camera and monitor to produce a
magnified image on the monitor screen that is brighté and has greater contrast
_than the pbject being viewed by the TV camera. Electronic manipulation may{also
» produce such effects as contrast reversal and an electronic window (for masking out
unwanted images). Pure optical systems, consisting of lenses, prisms, mirrors, and
ground-glass surfaces, do not have all of these useful capabilities. They present the
vi)e'wer with a positive image that is not as bright as, and has less contrast than, the
object being viewed. ‘ - e
Like pure optical devices, CCTV systems are capable of presehting the viewer
-with a 'magniﬁed image. The _degree of magnification needed by a particular viewer
-is a function of the status.of hig vision, his proximity to the monitor screen, and the
original size of the object he is'trying to resolve. With purely optical techniques, the

!

. " 4 One of the authors, S. M. Genf/:nsky, has no vision in one eye and 20/750 in the other. Mere than
- s 60 percent of the legall y blind have better visual acuity than he has. The fact that he has such poor visual
acuity and is able to benefit so much from a CCTV system was one of the early indications to us that CCTV

systemg, were potentially of value to many legally and nonlegally blind, partially sighted people”the .

experighce of the partially sighted with our CCTV systems has supported this egrly conjecture.

* Neither The Rand Corporation nor the project staff has any financialinterest in any company thats
‘ - . manufactures, distributes; or sells CCTV systems for the partially sighted. Rand makes the results of its
! research freely available to any person or organization interested in helping the visually impaired.

‘9

of the latter population who are not legally blind could benefit‘from a CCTV system,

mathematics, allowing péople of working age to compete for jobs that until recent!® -

them to read plans, study diagrams, examine ledgers, make notes, and write re-.

- dependence that irks thien:: Properly designed CCTV systems are enabling many of

.
e mgn. . L
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- same effective magnification is basically rec}uired but, besides the loss of contrast

and brightness previously mentioned, the depth of field and thg field of view may
be less than that available with a good electro-optlcal system. In addition, properlv
designed CCTV systems allow the user to read or write while sitting comfortably
before the monitor in a natural and relaxed position.

.

’

MAIN RESUI;TS OF THE RESEARCH -

The principal results of our research over the past two years have been

1. To derign and fabrlcate an improved CCTV" system called RANDSIGHT_
IT. '

2. To ascertain that thlS and other black- and-whlte CCTV systems pose no
x-radiation hazards.

3. To developand test an important element for CCTV systems, called an X-Y
Platform. L

4. To test the performance of partlally sighted persons with RANDSIGHTI
(a predecessor instrument) equipped with an X-Y Platform.

5. To perform research toward designing a device called a Video Information
Processor (VIP) capable of prodycing an electrdnic window, contrast en-
hancement, and contrast reversal. : o

6. To design a simple diagnostic test to be used for _determining whether a
partially sighted person could benefit from use of a CCTV system (the
lightbox). ;, o

7. To establish some design criteria for CCTV systems and their components.

These results are summarized in the following paragraphs.

RANDSIGHT II )

\

The closed circuit TV system that we call RANDSIGHT 1l is an experm{ental
instrument that resis on a.desk or table. It may be used with equal facility by both
left- and right-handed viewers. Its down-pointing camera may be translated horizon-
tally (e g., to scan a line) by means of an electric motor drive, automatically or with
foot- or hand-operated controls. Its camera may also be raised-or lowered (for focus-
ing) by means of a motorized drive with a hand-operated control, and the camera
mount may be rotated manually about a vertical axis (to permit viewing an erect
image no matter how the reading and writing materials are oriented). The in-
strument’s two symmetrically placed monitors may be raised or lowered by means
of a hand-controlled motorized drive, and pulled toward or pushed away from the
viewer or rotated about ane horizontal and two vertical axes. Hence, the monitors
can be placed at any position and attltude that a viewer might desire’ Each monitor
‘is capable of presentlng an image with normal or reversed contrast, and is also

A S
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equipped to introduce an electronic window. Contrast reveisal is practically indis-

pensable to partially sighied viewers who are photophobic, and it is preferred by
many others, particularly those who are bothered by scattered light. An electronic
window js particularly valuable to the partially sighted who are gble to resolve print
well enough to permit images of parts of several lines to be visible on the TV monitor
al one time, but who are visually confused if thé images of more than one or two
lmes a+¢ displayed. .
RANDSIGHT IT'lgoks promlsmg asa readmg or writing device for the partially
Slghted It also appears to be of value to the partially sighted as an aid for lmpr\)vmg
reading speed &nd comprehension. In addition, RANDSIGHT Il (or a modification)
may be of value as a reading aid for persons who have missing; inoperative,
partially operative limbs. Section I1 of this report describes RANDSIGHT II and how
it operates; Sec. VI descrlbes how. contrast reversal and an electronic window were
" introducdd into our momtors, and circuit details are given in App. C. u

- . oy
Test ¥or X-Radiation , ~ ' r

" In order to test the system for possible x- radlatlon hazards, we engaged the firm
_of J. L. Shepherd and Associates of Glendale, California, to check the x-radiation
- output from three TV monitors, each operating at an acceleration voltage of 10 kv,
and three others. each operating at an acceleration voltage of 19 kv. These measure-
ments were made directly against the various faces of these black-and-white moni-
tors, and in twd instances their protective covers-were removed and nieasurements
were made of their intericrs. It was found that external radiation levels arising from
. these monitors are significantly less than 5 percent of background radiation. On the
vasis of this finding, we believe that.a viewer does not expose himself to any x-

radiation hazard from,.black-and-white'TV meonitors operating at acceleration volt- -

ages as high as 19'kv, even if he were to bring his eyes up to the face of such a monitor
{oi* long periods of time. Section III contains more details regarding this exploration
of a possible x- -rddiation hazard, and the test report by J. L. Shepherd is attached
as App. A.

The X-Y Platform ¢

, N . ‘ ,

The X-Y Platform is designed to enable the user of a CCTV system to easily

move the reading or writing material in front of him in any desned pomtlon relative
{

to a fixea TV camera. This procedure makes it unnecessary to move- phe camera or

its lens system to achieve line or page scanning. This simple and mexbenswe device

. has brought about a major change in the basic concept of a RANDSIGHT-type
instrument and has profoundly affected the design of CCTV systems for the partially
sighted. It has enabled manufacturerg of such systems’to design equipment selling
for roughly half the price that prevéﬁed before the construction and testing of the
plaFform. Section IV provides a description of the X-Y Platform and its operation.

i
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Tests of Performance by the Partially Sighted with RANDSIGHT I

As noted previouély. an article by G. A. W. Boehm in the January 1971 issue
of the Reader’s Digest (9] attracted much attention to our RANDSIGHT research.
We received ‘hundreds of requests that the inquirer or his patient, client, reldtive,
or friend be permitted to come to the Rand offices to try our RANDSIGHT equip-

ment. We saw as many partially sighted people as we could accommodate. After

some initial difficulties, we evolved a test procedure to handle these visitors. Natu-
rally. we were delighted to have this opportunity to assist these partially snghted
subjects and at the same time to gather valuable data regarding them and their
performance with our RANDSIGHT equipment. As RANDSIGHT I was not yet
completed at that time, we had our subjects work with RANDSIGHT I equipped with
an X-Y Platform. Section V describes our test procedure, and gives some generally
encouraging results obtained from ihis informal testing program for 81 subjects.
Informal as our tests were, they have provided empirical data indicative of the value

.of quality CCTV systems to the partially sighted. A description of the instrument

used in these tests is given in App:B. ~

Electronic Image Enhdncement

Near the end of the first year of the projéct, we were hoping that we would be

-able to'design and perhaps build a third type of RANDSIGHT instrument, but this

proved infeasible, primarily because it took,longer'to finish RANDSIGHT II than we

" had anticipated. However, we were ablé to perform research toward designing a

“black box,” which we call a Video Information Processor (VIP). This device, when
placed between almost any TV camera and a TV monitor, allows the viewer to
reverse the contrast in the image appearing on the monitor screen, to introduce an
electronic window, to control the height and position of that window o the screen,

and to enhance the contrast in the viewed i 1mage The device has been used success- -

fully with RANDSIGHT 1. Additional information concerning VIP is given in Sec.
VI and its circuit diagrams can be found in App. D.

s
S

The Lightkbox Test

Another - very promlsmg result of our 1esearch is the development of a snmpl(
and i mexpensnve test designed to “be administered to the partially sighted to deter-
mine whether they could benefit from use of a CCTV system in reading printed or
handwritten material. The test, which can be administered qulckly arid simply by
an ophthalmologist, optometrist, or other qualified person, consnsts essentlally in

having the patient sit before a llghtbox and view positive and negative transparen- '

cies that display typewritten material magnified linearly 1, 2, 4, 8, and 16 times,
notin‘; what type sizes he can read and perhaps how well he can read them. A
detalled description of this test is given in Séc. VIIL

¥}
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o : Design Criteria for CCTV Systems for the Partially Sighted .

1

We have frequentFy been asked to state the criteria that we belicve must be met
if' a closed circuit TV system for reading or wrltmg is to be of value to the partially

% ‘ : - sighted. This is not easy to do, mainly because advances in electro-optical methods,
. + - . as well as innovations in mechanical and electro-optical technology, make it neces-

- _ sayy toalter criteria from time to time. With this reservafion in mind, we assembled
L : the criteria listed in Sec. VIII.

Other Research in the Area’ ‘ -

The closing section of this report (Sec. IX) discusses some of the research on

. A closed circuit TV systems for the partjally sighted that has been conducted else- y
. * where and at Rand before the start of the work coyered in this report.. .
: _ ) ;
. \ : . , .
\,\ _ PLANS FOR FUTURE RESEARCH . ' , !
¢ . Rand research sponsored by the Social and Rehabilitation Service to date has
. led to the development of electro-optical instruments that permit the partially .
sighted to carry out oneoperation.at a time. Reading or wrltmg are examples of such B %
activities.
Proposed future research has as 1ts objectlves \ : . ’ ' ]
1. 2 general survey of g’-pportunities fo\r developing electro-opfical deices to
' 4id the partially sighted in obtaining education and employment, and in
perfurming certain other activities that are of importance to them but that ’ -
§ are currently beyond their capability or can be handled by them only with
* excessive expenditures of time and energy. Exampleés of such activities-- g : /Y
"\ ~ which we call information transfer prolems—include the following:® Lo .
a. Reading printed or handwritten materials and taking rapid notes on
_ ~ what has been read with a pen or pencil.
) b. Typing from a handwritten or printed manuscript, and, if deswed ,
. viewing both the manuscript and a portion of the typewriter carriage .
" at the same time. : '
¢. Viewing achaikboard, bulletm board, or demonstration table and tak- N
ing notes on o drawing sketches of what is seen.
d. Entering into visual communication with teachers, colleagues, and »
friends for the purpose of more eftectively receiving, discussing, ot -
convéying handwritten and printed data and other sources of infzrma- " , .,
{ 2 tion, with a large visual component. 3
3 -~
. % The term zﬁformalwn transfer w'll be defined to mean the act of recen‘/. ng information in one or w
\ more forms and, based on that information, generating the same or related information in one or more
, . other forms, or carrying out other activities suggested or pr?scnbed Ly the received information.
\\
. \ 6 )
A . /
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Exampies of information transfer problems that, while interesting, are

perhaps more restricted in scope than the above, are the following:

e.. Operating an ordinary computer console while viewing ordinary in-
put/output material.

3 . " f Playing a musical instrufent while viewing a handwritten or printed
u . *  musical score. . | _
L/ . g Reading material in a foreign language, usirg a dictionary to assist in
i . ' its translation and writing out the translation with a pen or pencil.

2. Development and testing of several types of instruments. Leading exam-
‘ples of the types of devices to be developed are those that will allow the
partially sighted to perform activities that require rapid shifting between

SR . twoor more visual fields (a process we shall call visual information trans-

. fer) , .
A 3. Development of‘ a body of bloengmeermg data to facilitate the ;iemgn of

. B A4 électro-optical prosthetic dgvices. ; -

include in the current research pqo@ram. First, the functional problema of
the partially sighted should be structured in a way that suggests feasible
types of prosthetic instruments for alleviating these problems. Secor.d, the

L : ) - parameters of electro«optlcal instruments that can best cormpensate for
’ . -~ .~ these lmpalrments should be 1n7est1gated }

« [y

4. In addition, two specific issues should be addressed that we were unable to-

a.

relationships between different kinds of visual impwrment and the design -
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0 IL BANDSIGHT II

/ : .

. The closed circuit TV system designed as part of our SRS/ Rand-sponsored re-
search program is called RANDSIGHT II. “RANDSIGHT” is the name we have

partially sighted. The designation “IT” refers to the fact that the prototype designed
and f‘abrlcated as part of this prOjeCt is the second type of electro-optical instrument

[ was designed and built by the Rand staff solely with Rand sypport prior to the start
of our SRS grant, and an evolved configuration of the orlgmal instrument is still in

* daily use by Genensky. '
Although RANDSIGHT II is prxmarlly a readu;g or wrltmg instrurhent. it may
be used to carry 6h other operatlons that require precise.eye-hand coordmatlon It
" has features that no other CCTV systems Jpossess and that are beheved to be poten-
tially of value to the partially sighted. One of these features is a Vertlcally mounted,

cal plane, which passes through the optical axis of the camera, by means of an
electric motor drive with automatic, foot- or hand-operated controls. In the auto-

" matic mode, the control unitcauses the camera mount to move automatically at a
seleCted rate in one direction and at another selected rate in the opposite direction.
Among the other features are the. monitor mounts, which have two translational
and three rotational degrees of freedom that permit each monitor to be placed in
any position or attitude the viewer may, desire.

The planning of RANDSIGHT II was strongly influsnced by pur dissatisfaction
with some of the shortcomings of the then existing RANDSId‘;-IT I, and By our
determmatlon to correct those deficiencies. Among that instrument’s more irnpor-
tant shortcommgs were the following: It h_gd been built to be used by a rlght-handed
person and hence lef’c—handed persons found it awkward to operate. Its line scannmg
was carried out through a hand-operated servomechanism that caused its down:
pointing camera to rotate about a horizontal axis passing roughly through the

. center of mass of the camera.'The major disadvantage of such a driving mechanism
is that as thé’camera is rotated, the distance between the camera and the handwrit-

[ .

aw

chosen for the electro-optical instruments we design and fabricate for use by the -

we have built that' we believed was worthy of a special de51gnatgon RANDSIGHT

o down-pointing camera that can be translated horlzontally in any, preselecfed verti-- i

ten or printed copy also varies. Thus, it is difficult to keep the copy in focus especially -
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A,

when high linear rr{agnihcmidn is demanded and thc tamem is equlpped with a’
short focal length lens with its aperture wide open. - )
™y In RANDSIGHT iI, the right-handed bias was eliminated by ‘providing two
monitc™ mounts symmetrically placed- on either.side of the camera mount and
having considerablé and equal flexibility with respect to monitor lpcation and jtti-
tude, and by 'mounting the camera vertncally and pomtmp,r downward in.a housing,
that can be rotated about the optical axis of the camera. . , N *
- Several methcds were, proposed for overcoming the uefocusing problem. "Some
of them involved using prisms or mirrors and sug)plymg a.mechanism that woult
change the lens-tos prlsm or lens-to-mirror distance to compensate for changes in the
distance from camera to copy. These methods were rejected on the grounds that they
weré too complicated and unwneldy The, decision was hnally made 4o drive the
camera mount along a hornzB"ntal ball- bearmg track by means of an electric motor,
which controls the motnon of the mount in both direction and speed. This decision
not only solved the problem of maintaining a constant distance between the camera
and the copy, but it alsq] opened up the possxblhty of trymg various gptions for
controlling the™ horizontal motion of‘the cdrhera. However, we encountered some °
difficult mechanical desngn problems, for example, that of moving a relatively mas-
sive camera moant very rapndly and smoothly over a horizontal distance ¥ several

o _mches - . N ; L

~

-

-
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MECHANICAL DESIGN

The detanled me(;hamcal design of RANDSIGHT II began w1th the mechamsm
for driving the camera. ThlS was the most complicated and difficult mechanism to B T
‘design because 't involved providing a means to convey, electromechgmcally, the ’
camera horizontally and vertically, to rotate it mechanically about its optical axis,
and to do this in such a way that the camera mount remained compact and provnded' ' ' e
sunic ent rigidity. While this mechanism was being built and when it was-being
checked out as an operating unit, design was in progress on less compllcated items,
such as monitor mounts and the instrument’s basic frame."
The vertical and horizontal motions of the camera are: pr;iuced by electrlc -

@

-motors through rack,and pinion.gear systems (see Fig. 1). The meghanismépréviding
vertical travel is re}atnvely simple, as it is designed to raise or-lower the camera at :
one and only one constantb rate. On the-other hand, the mechanism for translating  *
the camera horizontally is much more complex, as it permits the camera to move

-~ tothe right and to the left at varxable speeds that-are independent of each otherand - |

to make airapld return to the left end of its path from any other point jn its Bath
Some of these motiong involve large inertial loadings, and heavy duty motors must:
. be used. Initially, we expected to design and build appropriate motor control circuits
in our own facilities; we then found a local manufacturer of motdncontrols (Minarc ' \
Electrlc Company, Los Angeles, California) who was ableto prov1d:a\u§ with a\ontr{gl o
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Fig. 1—Side view of RANDSIGHT II's camera mount showing motors and some of :
. ’ the rack and -pinion gear systems that provide vertical‘and harizontal motions . ) RS
¥ : . . v ) ' ’
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unit that satisfied most of our needs.' The unit was incorporatéd into our instrument
design with the evpectation that we would later make modifications in its circuitry
to improve its operation according to our needs. ’ ' -

hY

\

B ¥

THE INSTRUMENT

RANDSIGHT Il'is a free-standing device; that is, it can be placed on a desk or
table. Its frame consists of tubular members, all of which are of square cross-section
(1% in. on an edge). It rests on two parallel tupdlar members (1)? that run from thé
front to the back.of the instrument and are 24 in. long and 45 in. apart. On either
side of the instrumerit frame, vertical members (2) and (3), located at the rear of the
base members and 8% in. forward of that end of the base members, rise 30 in. to

provide support to the canopy (4), from which the TV camera and TV monitor
supports (5} and (6), respectively, are stuspended. Additional frame rigidity is'pro-

vided by v

v

1. A horizontal tubular member (7)'§hat is 45 in. long, that joins the vertical

“ members (2), and that is 14% in. above the base of the frame. .
f"'_f?. Twd inclined members (8) that connect the far ends of the base and vertical
- N - -v . - .

hd

i

LIST OF PARTS OF RANDSIGHT II SINGLED OUT
IN FIGS. 2, 3a, b, 4a, 4b, AND 4c *
- . K

—

Base members 13. Canopy flank opening

2.. Corner vertical members 14. Supporting table

¢ Bide vertical members 15. . Illumination housing

4. Canopy . . 16. TV monitor -
5. TV camera support or mount 17. .TV cgmera ’
. 6. TV monitor support or mount 18. Zoom lens

7. Horizontal rear member 19. Toggle switch housing

8. Inclined rear member , 20.. The unit or control unit

9. Rear vertical member , ' 21. " Two-position foot pedal 5
10. « .Canopy frame o . 22 Rapid return foot pedal

11. Caneny wooden membe: 23.  One-position foot pedal

12. Canopy center opening
& .

' Thioughqut the rest of this section, “control unit” and “unit” are used interchangeably. .

2 Throug_Hout this section of the report, names of various parts of I{ANDSIGHT Ii will be followed
by numbers enclosed in parentheses the first time a name is mentioned in a paragraph (see the list on
this page). The numbers in parentheses also appear in conjunction with Figs. 2, 3a, 3b, 4a, 4b, and 4c.
There they indicate where the part;being discussed is located in the overall instrument design.

- ~
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members (1) and (2) with the center of the horizontal member (7).

3. A vertical member (9) that rises 15 in. from the center of the horizontal
member to meet the center-of the rear edge of the cazopy.

The canopy (4) is roughly rectangular and consists of a tubular franie (10}, about 48
in. long and 23 in. deep, topped by a rectangular board (11) that is about 47 in. long,
23 in.deep, and % in. thick. Three circufar holes with lips have been cut in the board,
and the TV camera mount is suspended from thé lip around the edge of the center
hole (12). The TV monitor mounts are suspended from the lips around the holes (13
to the right angd left of the center hole. ) ’

s

]
i

/7

R

P | Fig. 2—Front view of RANDSIGHT- II
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" Fig. 3a—Yiew of the top of RANDSIGHT 11 .
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Fig. 4a—Box containing switches that control the °
T * vertical motion of the camera and monitors
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Fig. 4c+F;oot- pedals that contrel the horizontal
motio:. of the cameia |

bl 2]

Ilumination of the reading or writing material on the supporting surface (14)
is provided by two 8-w flucresceni tubes located in an aluminum housing (15) of our
own design. The aluminu..: housing is attached to the upper surface of the horizontal |
member (7) by means of a flat-jointed aluminum arm, The housing can be easily and {
conveniently positioned at any angle behind the TV camera mount (5) by means of
the jointed arm, and it can be rc¢iated about a herizontal axis approximately 10% ﬁ
in. above the supporting surface. The illuminator provides an effective light level of
78 footcandles over the entire range of horizuntal motion of the camera. : .

The TV meonitor mounts (6) permit several manual adjustments ir.. monitor -
positioning, namely, '

e -

of 13 in. (as curréntly configured, RANDSIGLLT 11 is equipped with Shi-
baden Model MV-903 monitors (16), &nd these can be translated horizon-
tally s that their sereens are located somewhere between 5 in. in front of
- the near end of a horizontal support (15 and 8 in. behind that reference line.)
2. Rotation about two vertical axes (one passing through the mounting co!-
umn and the other passing through the monitor itself).?
3. Rotation about a horizontal axis passing through the monitor and pagallel
to its front face. All of these modes of rotation are large enough to meet
__ the needs of any viewer. The monitor mounts also permit the monitors to
be raised or lowered electromecharically through a distance of 5 in. As
currently configured, this permits the lower surface of the monitors to be

|
1. ngizontal translation toward or away from the viewer through a distance )

located anywhere between 6 and 11 in. above the supporting desk or table

(14).
&
;W
4 These axes are indicated as broken lines a and b, respeictlvely. in Flg 3b.

4 ThlS axis is shown as broken line ¢ in Fig. 3b.

15




Each monitor (16) is augmented with circuitry and controls that permit contrast . s
reversal and an electronic window. Contrast reversal is the ability to reverse, elec-
tronically, the order of the gray scale, and the electronic window is the blanking out
of everything on the monitor scieen except a strip of a fixed but arbitrary height.
The controls on the back of each monitor permit the viewer to select an image with
either a normal or reversed gray scale, to intfoduce an electronic window, and to

- vary its height and position on‘the monitor scree:1.®

Figures 5a and5b illustrate some of the freedom that is available in positioning
a TV monitor (16). Figure 5a shows the monitor all the way back and at its highest r
position, while Fig. 5b shows it all the way (o rorvard, at is lowest position, and rotated
about the horizontal and both vertical axes. \ X .
The camera mount {5) is also designed to allow considerable latitude in camera
positioning. It permits the camera (17) (a GBC Model VR 622) <

1. To be rotated manually through nearly any angle about the vertical cxis r e
passing through the ceriter of hole (12). '
° 2. To be raised or lowered vertically electromechanica!ly *hlough a dlstance
of 8 in.(between about 4% and 12% in. above the supporting table (14)). v
3.. To be translated horizontally through a distance of 7 in. with the currenu
setting of the limit switches. \

The vertical translation of the camera (17) and each of the tvro monitors (16) are
controlled Ly their own toggle switch, which is pulled to:-ard the viewer to make ' . |
it descend and pushed away from him to make it rise. All three switches have ben
placediin a conveniently located housing (19} (cee Fig- 4a).

OPERATIONAL CONTROL =

One metiiod of governing the camera’s horizontal motion that }.ad appeared to
be attractive from the beginning of car wo.k on RANDSIGHT II was through a foot
control. Such a control mechanism had the xmportant advantage of leaving both of
the viewer’s hands free for maaipulating reading and writing materials. The control
unit (20 cam%?uipped with a foot pedal, but it dic: not prove satisfactory appearing
to have ber:n designed for use by an operator who was standing rather than seated.
Further, it was capable of controlling only the speed at which the camera (17) moved
horlzontally The dlrectlon in which the camera moved and the ability to stop its ' !
motion were controlled by push buttons mounted on the f ‘ont of the control unit.®
Soon after RANDSIGHT I became quasx-operatlon.,:l we decided to desizn our
own foot-operated control for governing ihe camera’s horizontal motion. This foot-
operated control, which we shall call the “two- posm{on toot pedal” (21), governs not

* Contrast reversal and the electronic window are discussed in greater detail ir Se. VI ' .

® The foot Yedal referred to here is identical with the one-position foot pedal referred to in the
description ot mode C later in this s<ction.

16




F1g 5a—View of TV monitor all the way back
and at its highest posmon

only the speed with which the camera (17) translates horizentally, but also the
direction in which it moves, as well as when it is to start or stop these motions. This
control completely bypasses the knobgnﬁ*push-button controls mounted on the front
face of the control unit (20). To permit operation of the control unit with the two-
position foot pedal, modifications had to be made in the circuitry of the.unit. These
modifications also permitted operation of the uri‘_it with oth%external controls. The
unit’s operation in various control modes is described b{lo

“

Mode A: The camera’s direction and speed can be controlled by means of the
twa-position foot pedal (21). When the upper portion of the pedal is rotated to the
left and-depressed, the camera (17) moves to the left, and when it is rotated to the
right and again depressed, the camera moves to the rlght The rate at which the
camera moves depends on how far the pedal is depressed. Mechanical stops and limit
switches are provided at each end of the camera’s path to prevent its mount (5) from
colliding with the monitor mounts (6), instrument frame, or any other obstructions.
If the camera is at thé&iright (left) end of its path and the two-position foot pedal is
rotated to the right (left) and depressed, the camera will not move because of the
action of the limit switches. This permits the viewer to easily predigt and control

camera !ocation, A_lthough" this foot-pedal control system is very versatile, it"is ;

¢ - ) °
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"Fig. 5b—V1ew of TV monitor all the wa f'orward at its .
lowest position, and rotated about horlzontal ‘
. and two vertical axes /
! /-

3

cbmplex and soméwhat difficult to operate. However, with a few minutes of instruc- )

tion and an hour or two of practice, the viewer usually finds that he can operate it
: smoothly and easily. ~ ¢
) " All the modes of causing the camera ( l'Z) to translate horizontally are governed

by the unit (20). The mQQe just described is engaged when the cable connected to the -
. two-position Yoot pedal (21) is secured to the upper cable receptacle on the back of -

the unit and when the switch on the back of the unit’is set on “MANUAL.” In this/ .

mode all the knobs, switches, and buttons on the front of the unit are disengaged
with one exception—the “STOP” button. Ifthis button is depressed, the two- p&smon

foot pedal will not function. : R ‘

Moa’e B: The camera mount (5_) and hence the carherat (17) may be setto
translate automatically back and forth herizontally by

1. Dlsengaglng’from the back of the unit (20) the cable that runs from the
two-position foot pedal (21) and replacing it by the free end of the cable that
is already connected to the lower cable receptacle on the back-of the unit.

2. Turning the switch on the left side of the front of the unit to "AUTO

 RECYCLE.” , ' ) ' .

18
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3. Selecting the left-to-right speed by adjusting the knob marked “FOR-
WARD SPEED.” . .

4. Choosing the right-to-left speed by adjusting the knob marked “REVERSE
SPEED” (see Fig. 4b). - ' ' ’

While in Mode B, and while the camera is moving to»\}ard the right, it can be
brought to a stop andautomatically returned to the left end of its path by depressing
the “STOP” button on.the unit or by momentarily depressing the rapid return foot
pedal (22). : :

Mode C: The camera (17) may be translated horizontally under control of the
one-position foot pedal (23).with the wiring connected and the knobs and switches
on the unit (20) set as in mode B with one exception—the switch on the back of the
unit is set on “FOOT” rather than on “MANUAL.” Here, the forward motion of the |
camera can be stopped and the direction of camera motion changed by prgssing the

* “STOP” button on the unit or by depressing the rapid return pedal (22)5.

'
v

READING ’

To read with RANDSIGHT'II, the viewer plégég reading matter on the support-
ing desk or table at whatever angle is convenient and comfortable for him and
rotates the camera maunt until the image of the reading matter on the monitor
screen shows the lines of print to be horizontal.® He may find it necessary to change’
the distance between the zoom lens and the reading material to bring the latter into
focus. To do this he wouid be well advised to rotate the sleeve on the zoom lens to
the position where it produces its maximum magnification, rotate the sleeve that
controls the lens focus to its uppermost position, and then ‘'manipulate the middle
key on the three-key control box until the image of the reading meterial is in focus.®

* It is irnportant to note that RANDSIGHT II may also be used in conjunction with an X-Y Platform
for reading and wriiing. Section [V of this report describes our X-Y Platform and how it is used to carry
out those operations. ? :

® For most viewers, the angle through which they rotate their reading or writing material, relative
to the orientation of the sugpiorting desk or table, will not vary appreciably from, one piece of reating
matter to another, or from o.e piece of writing material to another. Therefcre, they will have a tendency
not to change the angle of rotation of the camera support once they have set it initially. If, however, the
instrumet is used by several viewers, some of them may wish to change the angle of rotation before
starting to read or write with the device. . . -

It is also possible that a‘viewer may prefer his reading material to be inclined at one angle and his
writing material at another, and this would lead him to- rotate the camera maunt before carrying out
each of these operations. Most viewers, however, rotate the camerz. mount to suit their writing habits
and do both their reading and writing without further altering the camera’s angle of rotation. However,
those who prefer writing material rotated through an unusually large angle may prefer rotating their
reading fnaterial through a smaller angle, because by doing so it may be easier for them to maneuver
their material from line to line across the supporting desk or table while reading. . -

® This focusing procedure is particularly ugeful if it is carried out with respect to the minimum
thickness of material expected to be encountered while teading. It'permits the zoom lens to be brought

" into focus when.viewing a greater thickness of material by merely rotating the focusing sleeve, if the

6-to-1 Canon zoom [pns fitted with a plus 4 portrait lens, and with its iris wide open (at f:2), can be focused
with its focusing sleeve aver a range of about 1% in. - LN
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The viewer may use either monitor. Right-handed viewers tend to pr-fer the
left-hand monitot; the opposite is true of left-handed viewers. dt is advisable for the
viewer to make himself comfortable in his chair and to place it in such a position
that he is easily able to do such things as manipulate the eading material and bring
a TV monitor into position for viewing. As stated earlier, RANDSIGHT Il permits
each of its monitors to be moved up and down and toward or away from the viewer
and to be rotated about one horizontal and two vertical axes. All of these degrees
of freedom in each monitor’s motion permit either monitor to be located and ori-
‘ented in a way that is suitable to the individual.

In mode A the viewer places his right foot on theg two-position foot pedal, rotates
its upper face to the left, depresses the pedal until the camega reaches the left end
of its path, and adjusts the position of the reading matter until the image of its left
margin is near,(or at) the left end of the monitor screen, so that the first line to be

;{k’éad is at the desired height on the screen. The viewer then rotates the upper portion

“of the foot pedal to the right, depresses the pedal until it causes the print or hand-
writing to advance at a rate compatible with his ability to read, and commences to
rerd. When he reaches the end of the line, he releases pressure on the pedal, which
causes the camera to come to a. halt; rotates the upper.portion 6f the foot pedal to
the left; depresses the pedal all the way or nearly all the way tosause the camera
to move rapidly to the left; and releases the pressure on the pedz(:l':%}ken the camera
reaches the left end of'its path where it will automatically stop. He tHen pushes the
reading matter along and toward the rear of the supporti:ig desk or table until the
next line of print or handwriting has moved into the position on the mdnitor'screen

préviously occupied by the line that was just read. This process i$ repeated line by

line until the viewer has reached the bottom of thg page. The steps described above

are then repeated for each successive page,

"~ Mode A permits the viewer to ret "ace all or part uf a line by merely releasing®

pressure on the two-positjon foot peual, rotating its upper portior to the left, and

depressing the pedal until the material he wishes to see a sqcor‘ld time comes into

view. Figure 6 shows the viewer reading in modé A. N
In mode B, the camera can be brought to the left end of its path by, for éxample,

turning the small switch on the left side of the front face of the unit to “SINGLE

CYCLE” and depressing the “START” button. Care must be taken to be sure that °

the “FORWARD SPEED” and “REVERSE SPEED” knobs are not set on zero, for

- if they ére, the camera will not f‘ecycle.

When he camera is at its left margin, the reading material can be located so
that the image of its left margin and that of its first line are conveniently located
on the monitor screen. If the switch on the left side of the front of the unit is then

turned to “AUTO-RECYCLE” and the “START” button is depressed, the camiera -

will move automatically from left to right and from right to left at speeds that are
governed by the “FORWARD SPEED” and “REVERSIfE SPEED” knobs. Sinc¢e Eng-
lish and other languages are written and printed from left to right, no useful

information is conveyed to the viewer while the camera is moving to the left, and .

it is advisable to turn /the “REVERSE SPEED” knob to its maximum setti_né. The
preferred setting of the “FORWARD SPEED” knob is determined by an iterative

o
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process involving adjusting the knob and, for example, running over the first line
one wishes.\to read until the speed with which the camera moves to the right is

" o 'compatlble with the viewer’s reading comfort. Once this is done, and while the

camera is nearing the end of its traverse toward the right or returning to the left

end of its path, the viewer moves the reading matter toward the rear of the support-

ing desk or table so that the next line moves into the position on the monitor screen

occupied by the prekus line. The viéwer then reads that line while the camera:

makes its way to the I‘lf"hb end of its path. Subsequent lines are brought into posmon
on the monitor screen as just descrlbed
In mode B the viewer may interrupt the camera’s motion to the right and send

return pedal. This i is partlcularly helpfyl whén the remamder of a line contains no

" . it rapidly and directly back to the left e:)d of its path by merely depressing the rapid

" additional mformatlon

Occasionally it may oe useful to adju& the “FORWARD SPEED” knob so that
the print or handwriting progresses across the screen slightly more rapidly than the
viewer would lmtlally consider comfortable or desirable. If this were done, it might
be possible for the viewer to increase his reading speed. However, in some cases, it
is advisable for the viewer to Select a' forward speed that _does not tend to overly
challenge or threaten him. In any event, when first working with RANDSIGHT II,
it is not advisable to try to improve one’s overall reading speed. .

Reading in ‘mode C is-carried out much as it is in mode*A with some 1mportant
exceptions. In mode C the camera’s left-to-right right-to-left motions are con-
trolled by the one-position foot™ pedal. Since thi:le-pOSltlon foot pedal is only
capable of regulating the rate at which the camera cycles back and forth between
the end points of its path, it is not capable,at any arbitrary time of causing the
camera to retrace a portiop of its path. However, in mode C the rapid return'pedal
is semiautomatic: By depressing that pedal whlle the one-posmon foot pedal is being
depressed, it is possible to start the camera back to the left end of its path.

The one-posltlon foot pedal tends to cause the camera to leap to the right (left)
when it; reaches the left (right) end of its path if care is not taken to release pressure
on the p;dal just before this occurs This is especially annoymg when it occurs at
the left end of the camera’s path. - -t : . :

hl

WRITING \

‘To write with RANDSIGHT II, the viewer places his writing material on the
supporting desk or table at whatever angle Ke finds convénient and-comfortable,®
and rotates the camera mount until the image of the writing material on the

/J .

2 We have found that most people who have tried to-use our RANDSIGHT equipment pref‘er to write
on lined paper, because the lines allow them to judge easily when the image of the paper is erect and
when their writing is falling away from the rulings. Genensky, who has used this equipment,on a

day-to-day basis, has fo d that it is not too difficult to write on nonruled paper and still generate
handwriting that is stralght and evenly spaced, wordwise and linewise. l,/
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monitor is erect. As in the case of reading, it may be necessary to change the distance ,
between the zoom lens and the writing materia! to bring the image into focus. To - '
do this the viewer is advised to follow the steps described:in the previous sectioff., ~
The viewer is free to work with either monitor. As was pointed out, right- *
handed \persons prefer to use the monitor o the left and left-handed persons, the
one on the right. The viewer should make hlmself C mfortable in a chair before the
preferted monitor, and should position the chalr $o'that he can easily manipulate
. the writing equipment and bring the TV monitor intoa pc sition and orientation that(\

is convenient for viewing. \, o
: To write with RANDSIGHT 11, tie viewer uses either mode A or C Mogde Bis

not very satisfactory for writing, because unless the viewer knows exacf,Ly what he

wants to write at every moment, the camera will tend to either lead or lag relative >

to the rate at which the viewer is ableto commit his thoughts and, ideas to paper. * /

In either mode A or C, the viewer holds downithe writing méterial with one .

‘hand and grips his pen or pencil with the other. The nonwriting hdnd usually holds

the paper in place by means of thg'thumb and the first two or thrae fingers. Either
. _ oneor both hands may be used to push the writing material along and toward the
. rear of the supporting desk or table to cause the image of that materlal to advance

from line to line. . - .

In mode A, the viewer, using the two-position foot pedal, ﬁrst causes the camera (

| Lo move to the left end of its path and then locates his writing material so that the -
» : image of its left margin and the first line on which he wishes to write are conven-
ﬁ ' . iently located on the monitor screen. He then rotafes the upper portion of the foot
'
»
|

S
oy

pedal to the right, and as he begms to write, he deoresses tihe pedal in such a way
as to keep the writing end of his pen or pencil in view on the monitor screen, so that
the image of the pen or pencil ranges over a very small area of the display surface. A g
e ' Genensky has found that this can be accomplished by bringing the image of the g
‘ writing end of his pen or pencil into view.and within a selected small area of the .
(,-» screen, writing a few symbols, depressing the foot pedal so as to shift the camera -
enough to bring the image of the writing end of the pen or pencil to, where it was
prior to writing those symbols releasing pressure on the pedal, writing a few more-
symbols, and repeatmg the process until the right -margin of the writing material
L is attained. When this occurs the viewer rotates the upper'portion of the foqt pedal
{ to the left, depresses it’So as to cause the camera to traverse rapidly to the left end
;‘;‘ : ) of its path, and then, using one or both harids, pushes the wrltmg material toward
the rear of the supporting table or desk to move the line on which he now wishes
' .” . to write into the position on the monitor screen previously occupied by the line on
} ' ' : - which he just finished wrltlng The process described above 1s=~<(‘3nt1nued until the
. o o - viewer reaches the bottom of the page and is .épeated for each successive pagé.
‘ ' : In mode A the v1eweQ::eretrace a portion of a line.at any timéusing the simple ‘
technique described in the‘previous section. As menticned earlier, mode C can.also . « s
. be u?ed for writing though, compared with writing in mode A, mode C is not as ' '
AL - satisfactory for the same reasons as those given with regard to ~eading in mode C.
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' SUMMARY REMARKS

" ‘RANDSIGHT 1I is an experimental CCTV system that incorpolrates features
not found in any other CCTV system prior to its construction. These include (1) a
vertically, mounted, down-pointing camera that can be translated horizontally"in
any vertical plane passing through the optical axis of the.camera by means.of an
electric motor drive with automatic or foot- or hand-operated coritrols, and (2) moni-

tor mounts that have two translatlonal and three rotational degreés of freedom that B

allow each monitor to be placed in any desired position or attitude. Each monitor
is’ equlpped with circuitry and controls that are capable of producmg contrast rever-
sal and an electronic window.’ .

Although FANDSIGHT II was completed too late in.the project to have under-
gone extensive testing, the little testing that did occur indicates that it is easy and

. comfortable to use in mode A for both reading and writing and in mode B for reading.
In mode B it offers infereSting possibilities as'a method of assisting the partially

gighted (as well as the normally sighted) to improve their reading speed and compre-
hension, Several teachers of'the partially sighted who have seen RANDSIGHT Il in
use and have tried it themselves have expressed enthusiasm concermng its potential
value in resouice rooms. 4

As currently configured, or perhaps w1th some modlﬁ,caQns, modes A ~ad B,
‘may also be of value to those who have missing, inoperative, ot~partially operative
limbs. For these people, the ability to make the camera move from, line to line, as’
well as to scan a line using automatic or f‘o'ot%perated controls, may be desirable and

deserves to be investigated. A modification offmode C to provide an automatlc rapld
return capability might also be of interest )
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I X-RADIATION

" To determine the x-radiation emitted by the monitors used in our RANDSIGHT
research, as well as that emitted by a sét of larger monitors used in other Rand
projects, we contacted and evaluated the responses of a half-dozen companies en-
gaged in the development, manufacture, and distribution of radiation-measurings
instruments. It was-decided to hire' J. L. Shepherd and Associates, Glendale, Cali-
fornia, not only because their equipmentwas suitably designed but also because they
were willing to send equipment and personnel to Rand, In November 1970, President
Shepherd came to our offices and made the necessary measurements on six TV
monitors. The make, alphanumeric designation, serial number, and acceleration
voltage of the six monitors examined are given in Table 1.

Measurerfients were made with a *J. L. Shepherd and Associates USM-1A rate
meter” equipped with an SP-12 GM probe,whlch had a 1-sq-in. mica window (density
1.4 mg/cm?®). The efficiency of the SP-12 probe is 2.5-percent as measured against
a 5°Fe standard source that emits 5.9 kev photons. This source is manufactured by
‘Isotope Products Laboratories, and its calibration is traceable to standard sources
" at the National Bureau of Standards. All of the moz"lors examined had maximum

count rates (above background) of less than 80 cmir.l per minute. Furthermore, the
actual count rate was below the sensitivity of the equ1pment used in the survey over
most of the monitc -5 ,faces and within their interiors.
‘ With respect to the-detection equipment used in making these radiation meas-
urements, 82 counts per minute represents a radiation field of 017 microroentgens
per hour for 10-kev x-rays and 0. 32 .microroéntgens per hour: for 19-kev x-rays.

All the monitors surveyed were scanned on all accessible faces,! and all scans
were made directly against the surfaces under examination. One of the Shibaden
monitors was scanned with its case removed, and another was scanned with and
. without its transparent plastic face plate. One Conrac momtor wag also scanned
without its protective housing.

Mr. Shepherd concluded, and we concur, that for the 10-kv Shibaden and 19-kv
Conrac monitors tested external radiation levels from the monitors are significantly

' Six faces in the case of the 9-in. Shlbadens and five in the case of the massive consoles that contained
the 19-in. Conracs.

.
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. Table 1
}
INSTRUMENTS' MEASURED FOR X-RADIATION

yod

¥:
cheleraticn
Instryment Voltage
Identification o (kv)
.oy Shibaden VM-903
LA 10802,
Serial No. 090906 10
Shibaden VM~903 -
RA 02039,
Serial No. 030562 10
Shibaden VM-903
RA 02039, P
Serial No. 030732 10 .
AY
. . - Conrac CQF-9
Serial No. 171362 19 -
Conrac CQF~21/875-60 ’ ‘
Serial No. 184778 19
v Conrac CQE-17-875/945SP )
Serial No. 99217 19

R

less than 5 percent of background radiation? We believe that on the basis of these

tests and on calculations that we reported in 1969 [4), it is safe to conclude.that a -

person does not expose himself to any radiation hazard from black-and-white TV
monitors.and receivers operating at 19 kv or less even if he were to bring his eyes
up to the face plate of such monitors for indefinitely long periods of time.

‘A letter from J. L. Shepherd and Associates to The Rand Corporation dated
December 2, 1970, is reproduced in App. A to this report. This letter contains the
findings that they made during their visit to Rand in November 1970.

2 ’Ijhg total background radiation receiyed per annum by human beings at sea level.is 80 millirems
(30 mll}lrems from cosmic rays and 50 mil}irems from. terrestrial sources). For x-radiation, 1 rem is
approximately equal to 1 rad, and if we assumne that for the human eye the absorbed x-radiation in rads
is 0.9 times the exposure dose in air nieasured ir roentgens, we may conclude that the exposure dose in

2ir at sea level from background radiation is 84 milliroentgens per yeargr about 10 microroentgens per
our. - L

q
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IV. X-Y PLATFORM

¥,

[ N - instruments led to the cost reduction described above.

t

DESCRIPTION OF THE X-Y PLATFORM | ‘

»

.
' See footnote 5 on page2

. Jonathan Manuf‘acturmg Company, Fullerton, California.
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o The X-Y Platform, designed by R. W. Clewett and fabricated in the Rand model
: + shop, is'a hand-operated mechanical device that has profoundly affected the design
of closed circuit TV systems for the partially sighted. It has enabled manufacturers
) of quality instruments to design equipment for roughly hzlif the price prevailing ‘ N
y ' . prior to the design and evaluations of our platform.! Most important is that the use
of an X-Y Platform simplifies instrument design without sacrificing instrument <
quality. It is now possible to maneuver, easily and rapidly, reading and writing -
_ materials below a fixed camera. This appears to be preferable to having the camera
or its lens. system move, through a hand-operated control, in order to achieve line .
or page scanning. This change in the basic concept of earlier RAMNDSIGHT-type i B

. The discussion that follows is taken in large measure from Ref. 6. A;ddltlonal '
details regarding our X-Y Platform and its oper ations are givén in that reference.

-~

v -
o

The X-Y Platforms<currently in use’ w1th RANDSIGHT I and occasionally with ~
RANDSIGHT H may be thought of as consisting of four relatively thin layers. The ' 3
» _ bottom layer is made up of a 12 by 14-in. rectangular aluminum base plate (1), ¥s "
' in. thick, to which is cemented a Y%-in. rubber pad (2) of the same dimensions. The
rubber pad prevents the X-Y Platform from slipp.ng on a smooth desk or table and
reduces the possibility of scratching or-otherwise damaging the supporting surface.
The second layer consists of'a pair of Jonathan 145 QD “Thinline” aluminum drawer
slides.® The inner members (3) of these slidegare held in place by screws that attach

? Throughout the remainder of this section, names of varlous parts of the X.Y Plauorm will be
followed by nurhbers enclosed in parentheses the first time a name is mentioned in a paragraph (see the
list on p. 28). The numbers in parentheses also- appear in conjunction with Figs. 7, 8, and 9. There they
indicate where the part being discussed is located in the overall design of the platform.

.
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both the members and the stop blocks (4) to the aluminum base .plate. Each of the
members of this pair of slides is 12 in. long, and the stop blocks are positioned to
permit the outer members (5) to move through a distance of 8% in. This pair of
drawer slides governs the left-to-right and right-to-left motions of the X-Y Platform’s
working surface (6). The third layer.consists of another pair of drawer slides placed
atright angles' .. .heslides in the second layer. The inner members (7).of these slidés

*are held in place by screws that pass through their stop blocks (8)and ierminate: in

the outer members of the slides in the second layer of the platform. Each of the slides

. in the third layer is 14 in. long, and its stop blocks allow its outer member (9) to .
" traverse a distance of 11% in. These slides control the line-to-line motion of the X-Y

Platform’s working surface. The fourth and topmost layer of the plat{orm is the

~working surface, consisting of a 12 by 14-in. rectangular sheet of masonite, % ‘in.
thick, topped by a %4-in. sheet of steel of the same dimensions.* This topmost layer °.

is held in place by screws that f‘asten i mAthe outer members of the slides in the X-Y

R

Quter member of drawer slide

(third layer)

\ Platform’s third layer. C kY
s .
N LIST OF PARTS OF THE X-Y PLATFORM SHOWN IN FIGS. 7, 8, AND 9
1. Base plate 10. Adjusting rod
2." Rubber pad 11. Pillow block
- 3. Inner member of drawer slide 12.  Anchor block
(second layer) 13. Knob
4. Stop block {second layer) 14. Spring bar
$ 5. Quter member of drawer slide 15. Spring
. (secoud layer) '16. Lever bar
{ 6. Wcrking surface 17.  Pivot stud
7. Inner members of drawer slide 18. Brake shoe
"o (third layer) - 19.. Brake rail
8. Stop block (third layer) 20. Steel balls
9. '

2

Our experier e has shown that it is advisable to provide a means ol imposing
a variable source of frictional loading on the drawer slides that govern the line-to-
line motion of the X-Y Platform’s working surface. When this is done, even if the
TV camera is transmitting a highly magnified image, it is possible f‘o" young and 2ld
alike to-easily guide the platform'’s wotking surfac- so that the i image of a portion
of a line of print remains horizontal and does not drift up or down on the TV monitor
as the working surface is moved to the left or right. '

The friction mechanism of the X-Y Platform is shown in Fig. 9. The adjusting

S The steel sheet permits rr.-agnéts to be used to hold one or more sheets of paper flat and in place

on the upper face of the working surface. Genensky has found that while this 45 & viable technique for
olding paper in place, it is no better than, ar.d perhaps inferior to, using a heavy’steel bar.

ks
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rod {10} is supported by the pillow bluck (11) and the anchor block (12), These blocks
are screwed onte thabottom side of the working surface (6) and move with.it. As the
knob (13) of the adjustihg yod is turned and the rod’screws into the anchor block,
it carries the spring ban (14) forward, compressing the springs (15) against the ends
of'the lever bars (~16>:.T}|is spring force is directed by the lever bars and pivot studs
(177'to the brake shoes (18), forcing them against, the brake rails (19). As the spring
and brake shoe assembly is moving with the working surface, and the brake rails

are fixed, this rebult‘{m the desired friction during the line-to-line motion of the

platform. The relquvely large contact area of the brake shoes and the low spring
constant give a smooth; even drag that can*be increased by turning the knob.
When closed, both of the X-Y Platforms are 14 in. long, 12 in. wide, and about
% in. high, They welgh Hlband their moving parts weigh 8%1b. The small height
.md the dlstg{butlon of mass of these platforms appear to be desirable féatures. The
thin construction perm'its' a viewer to sit at a normal table or desk, move the
platform’s working surface (6), and manipulate reading and writing material on that
surface with his hands, wrists, or arms located in natural and comfortable positions.
The mass or weight of the platform and its distribution allow the viewer to maintain
full control of the motion of the working surface. Genensky reports that these
features, coupled with ample friction applied to the drawer slides governing the

line-to-line motion of the working surface, permit him to work comfortably with the

platform for hours at a time. At times he is not even conscious of the presence of

_the platform, or that he is manipulating it while reading or writing. We must confess

that we were surprised that the partially sighted preferred to work with a fairly
massive X-Y Platform rather than with a light one.
A list of design criteria for an X-Y Platform is given in Sec. VIIL. .

READING AND WRITING WITH THE X Y PLATFORM

To read with the X-¥ Platform, the v1evJer first (a/)places his reading material
on the workmg surface, (b) centers and aligns it with respect to the edges of that

surface, (c/pulls the wor}kmg surface toward him until the top line of the material

is visible and &t a convehient height on the monitor screen, and (a') moves the
working surface to the right until the left margin of the reading matter is clearly
visible on the screen. He then (e)moves the working surface to the left and reads
the words on the top line of the page as they pass by on the monitor screen. When

he comes to the end of the line, he (f)pushes the working surface rapidly to the right-

until the left margin is again visible on the screen. He (g/pushes the X-Y Platform
away from him until the second line has moved to the height on the screen that had
previously been occupied by the first line. He (A) pulls the working surface to the
left and reads the content of the second line. After cqmpleting the reading of that

line, he (1) moves the working surface rapidly to the right until he sees the left .

margin. He repeats steps (g/through (i/for each successive line until he reaches the
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bottom of the page. He then turns to the next page and repeats the procedure
- outlined above. :
Figure 10 shows RANDSIGHT I equipped with an X-Y Platform for reading.
L - . Note that the operator is using an electronic window adjusted to present three lines
/-—-—-DLEXL—Whlle the rlght hand monitor is set to display only one line of text. (The
: ' electronic-window is described further in Sec. VL) ¢
' To write with the X-Y Platform, the viewer first (a) places his writing pad or
wrltmg paper on the working surface, (b)centers and aligns it with the edges of that
surlace, (c/pulls the working surface toward him- until the line on which he wishes
to begin writing appears at a convenient height on the monitor screen, and (d/moves
the working surface to the right until the left margin of the’writing material is
clearly visible on the screen. He then (e) places_his nonwriting hand on the working
surface and on an edge of the writing pad or paper, (f) moves his pencil or pen up
the left-hand, margin of the writing material until-he sees it on the monitor screen,
and (g/ positions the pen or pencil to commence writing. o
p The actual process of writing may appear complex but in reality is very simple
' and is mastered in a matter of minuteés by most viewers. It is accomplished as follows:
b ’ ' The viewer (A)writes holding his pen or pencil in his writing hand and (¢)pulls the
| ' ~ working surface to the left with his other ‘hand at a rate that permits the writing
’ end of his pen or pencil to be seen oti the monitor screen at all times. Genensky finds
it convenient to move the working surface to the left at a rate that just compensates
for the rate at which he is writing. This permits him to view the writing end of his
pen or pencil at roughly the same place on the momtor screen whenever he is :
actually puttmg symbols on paper. :
. On. reachmg the end of a line, the viewer (j)lifts his pen or pencnl From the paper
| ... and with his other hand, (k) pushes the working surface to the right until the left
‘ margin of the writing pad or paper is cle@rlywmble on the monitor screen. Using
» his writing hand, he (I) pushes the working surface away from him until the next ]
line on which he wishes to write is in the position previously occupied by the last
line on which he wrote. Steps 7] through (l) are repeated until the viewer reaches
th%end of the page, and the whole process, startmg with (a), ig repeated for each page
until he compleges his writing.
, . Figure 11 shows RANDSIGHT I equipped with an X-Y Platform being used for
. ' writing. Note that the operator is wrltmg with his rlgly hand and using his left hand .
to hold the writing tablet in place and to maneuvér the working surface.

¢ . - / 5
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V. PERFORMANCE OF PARTIALLY SIGHTED WITH
RANDSIGHT I EQUIPPED WITH AN X-Y PLATFORM

)

AR

Although our grant from the Social and Rehabilitation Service did not require
_ us togo beyond proof testing RANDSIGHT II, we did engage in an informal testing
program using RANDSIGHT I.' The stimulus for that program was due in part to
the many requests from ophthalmologists, optometrists, educators, and rehabilita-»
tion personnel that we permit their partially sighted patients and clients to examine
and try our RANDSIGHT equipment. Many other requests for help and advice/were
generated by George A. W. Boehm’s Reader’s Digest-article on our RANDSIGHT
research (see Ref. 9). We were delighted with the, opportunity this gave us to assist
the partially sighted and-to gather valuable data regardmg thls group and its
., performance with our RANDSIGHT equipment. i
We tried to see as many as possible of the partially sighted who directly or
indirectly sought our assistance and who were able to come to our offices. Each
partially mghted person (hereafter referred to as “subject”) who visited our facility
was given about two hours of our time, and with few exceptlons, each of them made
but one visit to our offices. We would have liked to have seen many of our subjects
two or more times, but.the demands. for our time and attention were too great to
permit us to do this. Our records show that during the last 16 months, we have seen
over 120 subjects and we have communicated by-mail or phone with over 5000 other
people who have visual problems or have famil'y or friends who are partially sighted.
Although our testing program was informal, it d1d develop a somewhat predict-

A
able format, which is described below.
- KQ’ -
- TEST PROCEDURE _ £
. o First, the subject was asked to supply such data as his name, address, age, and

sex; the nature of his visual disorders, when those disorders were known or thought

. 4

: ! RANDSIGHT I as it currently exists and as it existed durlng thls testing program is described in
} App B. b
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to have originated, and when they were first detected; the extent of the subject’s
formal education and whether he was a student, employed, unemployed, or retired.
This data gathering was usually followed by Genensky giving a detailed and frank
description of his own visual digorder, including its history, the extent of his visual
field, and the level of his visual acuity. Thus, the subject was,made aware that he
was dealing with someone who was himself partially sighted and hence undetstood
firsthand what it was to be visually impaired. In most cases; it turned out that the
subject’s visual acuity exceeded Genensky's. If.the subject or family or friends who
accompanied him to our offices wanted additional information regarding Genensky:
—for example, his edudation, career, or methods of coping with and integrating into
the sighted society—that information was gladly provided. Ous policy of trying to
answer all questions played an important part in placing the subject at his ease,
particularly if he had more residual vision than Genensky. For in that case, the
subject was able to make a comparison that often led him to conclude that, visually

. speaking, he was much less impaired than he had previously thought, and as a result

might be in a better position to cope with his partial eyesight. Our open exchange
of vision.information also helped the subject’s family and friends to grasp a more
realistic understanding of his visual capability; consequently, they were in a better.
position to provide him with the help and assistance that he actually needed rather
than the help and assistance they had perceived he needed.

The subject’s distance visual acuity was measured at 5 or 10 ft, using such tests

- as the Feinbloom “Distance Test Chart for the Partially Sighted,” the Good-Lite

“Symbols for 10 Feet,” or the “Sloan Letters for 20 Feet,” and the results wefe
converted to the equivalent Snellen acunty at 20 ft. Whenever possible we used the
Feinbloom chart because, at 5 or 10 ft;almost all of our subjects could resolve at least
one or two numbers on that/Chart. Had we used the conventional approach of asking

-otr subjects to read at 20 ft.from a chart designed for persons with relatively good

vision (e.g., the “Snellen” types), most of our sabjects would have had to report that
they could not resolve a single symbol. We firrthly believe that the partially sighted,
like the normally sighted, d(; not wish to be placed in a position in which they are
guaranteed to fail. Like the fully mghteld they respond positiyely to an opportunity
to-achieve, aqd our entire test procedure-is designed to give them every chance to
succeed. We, of course, were not always successful, because some subjects do not
possess the mental, mechanical, or visual capacity needed to carry out the various
tasks and operations involved in our procedure. Nevertheless, we were continually
on the alert to do all we could to encourage and assist our subjects.

Visual acuity was measured. for both the left and right eye with and without
corrective lenses. The only corrective lenses used, in the procedure were those that
the subject was wearing or happened to bring with him. If he did wear or carry
corrective ienses, we tried to ascertain how long he had had them, how, often he wore
them, and for what purposes he used them.

If the subject’s visual acuity appeared to be distinctly better than Genensky 5,
and if we believed that it would be beneficial to him or a member of his immediate
family, we asked the subject to administer the acuity test he had just completed to

‘Genensky., The effect.of this technique is often very gratifying, because the subject,
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his relatives, as well as others in the room are greatly encouraged by this concrete
evidence that the subject can in f'a\ﬁg see better than Genensky, and thus, in most
cases, need not resign himself to coping with the sighted world as do the functionally
blind, but rather in ways that make maximum use of his residual vision.

On completing the visual acuity measurements, the subject was asked to look
through a set of clear and colored transpa gnt plastic squares in the direction of the
overhead fluorescent lighting and to report\for each square the color he observed.
Using this test, it is remarkable how many partially sighted people have very good
color discrimination. However, this test fails\to .measure how well the partially
sighted are able" 8 discriminate color in the presence of ordinary room lighting or
ilumination that falls below that normally encckr‘ltered in the office or the home.
Because the discrimination threshold of the partially sighted tends to be higher, it
is likely that under ordinary conditions the color dl\scrlmmatlon of many partially
sighted will prove to be distinctly inferior to that of the “normally” sighted.

The subject was then introducéd to RANDSIGHT I, equipped with an XY
Platform. This usually involved describing the instrument’s various parts and how
they interact. Sometimes an explanation was also given of such questions as why an
electro-optical device is able to produce a brighter, higher contrast image thar a
pure optical device, why it is vitally important to design an -instrument that the
- partially sighted can use naturally and comfortably, and what contrast reversal and
an electronic wmdow are and how they benefit some o}‘ the partially sighted.

The subject was shown how to read with the help of the device and was given

an opportunity to read with it himself. After he had read for about 5 minutes, several
measurements were made: the linear magnification of the print viewed on the
monitor screen, the distance between the subject’s eyes and the monitor screen, and
the rate at which he read (measured in words per minute). The first two measure-
ments permitted us to calculate the effective magnification at which he read: Usu-
ally these measurements were made two or three times during the period the subject
was usmg RANDSIGHT I to read. In most cases, it was found that the effective
magmﬁcatlon does not change appreciably, but the reading rate tends to increase
and sometimes quite dramatically, giving the distinct impression of a learning or
relearning process. Some of the increase in reading rate may be due to improvement
in'subject adroitness in handling the instrument, and some of it is probably due to
the subject actually learning or relearning té'read visually. It should be noted that
all measurements of the subject’s reading rate were made with him reading aloud.

If the subject failed to read well with RANDSIGHT I, we did not automatically
conclude that his poor performance was due entirely to his poor vision. In such cases,
we mqulred as to when the subject last read prmted or handwritten material, how
he 2nd/or his relatives and friends would rate his reading ability, and what kinds
of material he had read in the past. Such questions sometimes led us'to conclude that
we were not using reading material apprbpriate for the subject, and when we
changed to moré suitable material, we frequently found that the subject’s interest
in trying to read improved and his reading rate increased.

Usually we would have a subject read double-spaced typewritten maberial
newsprmt or graded readers. However, we did not discourage the subject from
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reading the material that he had brought with him, which generally consisted of

reading matter that he considered important to his education, vocation, or leisure.
Among the materials brought to our offices were law books, programming manuals,
geographies, -novels, magazines, and telephone directories. It should be noted that
we rarely made our reading measurement using the subject’s own reading matter,
because we wished to avoid the possibility of obtaining abnormally high reading
rates\ resulting from the subject’s prior exposure to the context of the reading mat-
ter. M- :

After we completed our measurements with respect to reading, we asked the
subject if he would li' e to try to w§ite with the help ofRANDS[GHT I. Most subjects
were immediately * aling, although some found reading with the instrument so
enjoyable that they asked if they might continue to keep reading. We, of course, tried
to comply with this request, but the fact that we could devote only two hours to a
subject, and rarely ‘ever saw him a second time, often forced us to ask the subject
to stop reading sooner than we would have liked to. .

Some subjects showed no desire to try to write. This may be due to several
causes: The subjects may never have learned to write in the sighted sense of that
operation; they may perceive that their handwriting is so poor that they are not
willing to show it to others; they may have forgotten how to write; or_although they
know how to write, they may be unwilling to do so when asked. TheYatter three
reasons appear to be particularly applicable to the elderly. If a subjéct, no matter
what his age may be, has psychologically dropped out of the sighted or partially
sighted community, he may refuse to try to write because he no longer possesses the
motivation needed to succeed in the sighted world.

Subjects who expressed interest were given a demonstration of how to ertéA

with the help of the ins’.rument, and they were then permitted to write themselves.
We suggested that they first write or print the alphabet, whereupon they were
encouraged to write words and gentences—usually of their own ctoosing. While the
subject was writing, measurements were made of the distance between his eyes and
the monitor screen, and when he stopped writing the linear magnitication of the
image of his handwriting was determined. Judgments of the quality of the subject’s
handwriting were made and, in most cases, a sample of the subject s handwrltmg
was affixed to our record of his-visit.

We found that some subjects, without the aid of optical or electro-optical instru-
ments ar 4 without actually seeing what they were doing, were able to write fairly
satisfabtorily with a pen or pencil. However, when they were asked to write down

a column of numbers and then to add them without the aid of RANDSIGHT I, they

were unable to do so. This is due to the fact that in general the successful execution
of this sequence of operations requires the use of at least some residual vision. When
these subjecis were asked to carry out these operations using RANDSIGHT I, they
frequently succeeded, gnd came to realize, or perhaps were more prepared to admit,
that without the aid of an optical or electro-optical device they were unable to both
write and see what theéy were. writing or had written.
Some subjects broifﬁ
ledger, a programming ¢hart, or a checkbook. We were delighted when this occurred,

\
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and we did all we could to show them how they could use RANDSIGHT to work with
these materials.

If time permitted, if the subject appeared interested, or 1f we believed it worth-
while, we explained to him how binoculars have helped Genensky to do such things -~
as read a chalkboard while seated in a classroom, read charts or slides in the course
of a lecture, determine the status of a traffic signal, locate merchandise in a store,
and watch movies, plays, TV, and sports events. We then showed the subject how
to use our wide-angle 7 by 35 binoculars, and encouraged him to try to use therh to
read printed and handwritten symbols, words, and sehtences that we wrote on a
chalkboard. With the help of the binoculars, many subjects were able to resolve
prmted and handwritten material when it was 1 or 2in_high at distances as great
as 15 ft from the chalkboard. Students and adults of‘workmg age, who succeeded in
using the binoculars, were particularly excited about how they might be able'to use
this versatile visual aid to further their education or career.

We Have been surprised, and frankly shocked, to learn that few clinicians are
aware of how valuable a pair of binoculars can be to a person with limited eyesight.
As in the case of closed circuit TV systems for the partially sighted, we have done
all we can to.inform clinicians, the partially sighted, and the generai public about
the potential value of this readily available and too-long-ignored visual aid.

«

Na

TEST RESULTS . ,
B ¢ 2z -
The .records of 81 subjects who have used RANDSIGHT 1 since it was first
equipped with an X-Y Platform were selected for analysis. These were chosen on the -
basis of the following criteria: — -

1. The records contained su(hcnent data concerning the subject’s vnsual disor-
"~ ders, .
2. The subject had not been\exposed to a closed circuit TV system for-the -
partially sighted before visiting our ofﬁces :
3. The records included the subject’s age, his sex, and the approxxmate date
of onset of his visual disorders.

2

It must.be emphasized that these subjects were not chosen at random from the ° } o
overall partially sighted population. They were brought to our attention either by

clinicians, educators, or rehabilitation personnel, or by themselves, their family, or

friends as a result of h/a}zg read or heard about our research in popular or profes- '

sional articles. Most of those Who came to see us were probably either highly moti-
vated or were brought-o our offices by family or friends who were anxious to help
them and have them succeed.? Further, those who came to see us were either able

* Inta few instances, we noted that the subject was not highly motivated and that the members of
his family who accompanied him appeared to have the attitude that once they had brought him to see
us, their job was done, and the sooner they and he could leave the better.
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to pay for their transportation, or their family or friends were able to bear that
expense. For many of these people, transportation costs ran quite high, as they came
from all parts of the nation, as well as from countries as distant as Chile and India.
However, even though our subjects were not chosen at random =nd probably under-
represent partially sighted persons who lack motivation*or have low incomes, they
do represent a broad cross-section of the partially sighted with respect to such
factors as age, education, visual acuity, and ocular pathology. Further, no attempt.
was made to filter the flow of subjects other than to discourage persons whn had no
residual vision whatsoever in both eyes. In view of these facts, we believe that the
results of our informal testing are of value and worth reporting and analyzing.

Table 2 contains a detailed breakdown of subject performance with RAND-
SIGHT I. Column 1 contains the code number assigned to each subject. Because we
often refer to Genensky’s experience with, and comments and conjectures about, our
RANDSIGHT equipment, we decided to assign him the code letter “G” and to

. include information about him and his current performance with RANDSIGHT I as

the first row in this table. No data concerning him or his performance appear in
subsequent tables; nor are his data used in the observations made in the next section.

Column 2 gives the subject’s eye disorder(s) as stated by his physician or, that
not being available, by the subject, his parent, or guardian.? Column 3 gives the
subject’s sex, and column 4, his age. Column 5 shows whether the subject has any
gross scotomas (central or peripheral).

- Columnrs 6 and 7 give the subject’s best distance visual acuity in the right (R)
and left (L) eye, respectivély. Here “best” means the largest numerical value of
distance visual acuity measured for each eye with or without corrective lenses and
recorded in equivalent Snellen acuity at 20 ft. The symbols FC and LP that appear
in columns 6 and 7 stand for finger counting and light perception; respectively. The
blank spots in those columns indicate that no distance visual acuity measurement
was made; either we failed to inake the rieasurement or we did try to make it hut
were unable to obtain a reliable value. In some cases, the subject tended to favor cne
eye to such an extent that it soon became clear that he was not using the other eye.
When this occurred, we sometimes decided not to measure the acu1ty in the ron-
dominant eye.

Columns 8 through 12 present data regardmg the results of the subject’s read-
ing with RANDSIGHT L. Column 8 gives tke distance in inches between the subject’s
eyes and the monitor screen. This is referred to as the working ‘distance (WD).

Column 9 shows the linear magnification (LM) of the image on the monitor screen’

tothe printed material being read. Column 10 gives the effective magnification (EM),
which is computed from the relationship

EM = (18XLM)/(WD), (1)

using the working distance (WD) and dinear magnification (LM) given in columns
8 and 9, respectively. Column 11 shows the best recorded reading rate in words per

* .Occasionally, the subject, parent, or guardxaq gave information regarding the visual disorderis) in
lay language; this information has been recorded here in more conventional medical terminology.
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minute (wpm). Column 12 gives the subject’s utility factor (UF) for reading. The UF
takes on three values: “S” when the subject could read 31 or more words per minute,
“M” when he could read more than 2,words per minute but no more than 30 wogds
per minute, and “U” when he could read no more than 2 words per minute.

Colunins 43 through 16 present.data regarding the Yesults of the subject’s writ-
ing with RANDSIGHT I. Columns 13, 14, and 15 contain data similar to that given
in columns 8, 9, and 10, respectively, only here they refer to writing rather than
reading. The values of WD and LM in Eq. (1) are obtained from columns 13 and 14,
respectively (rather than from columns 8 and 9). Column 16 gives the utility factor
(UF) for writing and, as in the case of the UF for reading, it also takes on three
values: “s” if the subject’s handwriting using RANDSIGHT I was legible to the
subject as well as to others and was reasonably well spaced, “m” if-his handwriting-
was legible at least by others and was not well spaced and “u” lf'he could not write
at all or wrote so little or so poorly that a reasonable observer would\ﬁave to conclude
that either he could not write with the aid of the instrument or that he lacked the
interest or incentive needed to write successfully with the device.

The reader will note that for subjects 52, 54, and 57 the WD and LM are not
known; yet for these people the UF takes on the value “'s.” This is due to the fact
that we obtained a large enough samplé of their writing to Judge its quality, but due
to their insistence on frequently and unpredictably varying the linear magnificdtion
and their location relative to the monitor, we were unable to obtain satisfactory
values of LM and WD.

Table 3 indicates how many subjects in all and how many subjects in-each
decade of life-are male or female, have visual acuities that fall in specified ranges,
scored S, M, or U when reading with RANDSIGHT I, and rated s, m, or u when
writing.

Table 4 gives the number of subjects having one and only one of each of the six
most f‘requently reported visual disorders, and the number that have one or more
other visual disorders as well. For each of these groups, the table also gives the
number who rated.S, ‘M or U for reading and s, m, or u for writing.

Table 5 gives forreading and writing the number of subjectg who carried out
these operations within specified linear magnification ranges.

For specified effective m gmﬁéatlon rgnges, Rable 6 gives data 51m11ar to that
given in Table 5. /

Table 7 indicates the number of subjects whose readmg rate fell within specified
limits. - 5 . %

Table 8 gives for readmg and writing the number of subjects who carrled out
these operations at working dlst?nces that fell within specified ranges.

-,
e
8

SOME OBSERVATIONS ON TEST RESULTS

Thirty of the 81 subjects had more than one visual.disorder, and the four most
prevalentwisual disorders among our 81 subjects were macular degeneration (29),
cataracts (18), glaucoma (10), and optic nerve involvement (10). (See Tables 2 and 4.)
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READING AND WRITING PERFORMANCE OF SUBJECTS WITH THE SIX

Table 4

VISUAL DISORDERS

MOST PREVALENT ,—%

: Reading Writing
No. of Performance Performance
Sub~- \ <
Visual Disorders jects S M u 8 m u ?
Macular degeneration -
Alone 19 10 6
Plus other visual dngrders 10 8 1
Total 29 (18 7
Cataracts . R
Alone 3 2 { 1
Plus other visual disorders 15 3 4
Total 18 7 5
Glaucoma €7
Alone- 2 1 1
Plus other visual disorders- _8 4 3
Total 10 5 4
\Optic nefve involvement .
‘Alone . 9 4 3
_Plus other visual disorders 1 1 =
Total 10 -5 3
Retinitis pigmentosa - )
Alone : X 6 2 2
Plus other vigsual disorders 2 1 -
- Total 8 3 2
Diabetic retinopathy .
Alone 2 1 1
Plus .other visual disorders 5 2 1
Total 7 03 2
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LINEAR MAGNIFICATIONS REQUIRED FOR
SUBJECTS TO READ AND WRITE

~
. No, of Subjects
Liflear
Magrification Reading Writing
1x to Zlﬁxr' 7 .32
3x to 4kx 23 14
5x to 6%x 13 7
7x to 8%x 8 S22
/ 9x to 10%x 14 -
+ 1lx to 12%x !9 - \
13x to lé4kx 2 e
15x to 163x 1 -
17x to 18%x | 1 --
~ 19% to 20%x | > -~ -
T 21x to 22%x 1 -
Unknown . 2 26
Total 81 81

X

Eighteen out of 29 subjects who had macular degeneration rated an'S for read-
ing and at least 16 scored an s for writing, whereas only 7 out of 18 subjects wha
had cataracts rated an S for reading and at least 6 scored an s for writing. Further,
at least 40 percent of each visual group rated an S for reading. (See Table 4.)

Fifty-nine of the subjects were male and 22 female and their ages ranged from

7 to 90. Thirty-seven of them were 60 years old or older, 37 were between 20 and

59 years old, and only 7 were between 7 and 19 years old. (See Table 3.)

Fifty-three of the 81 subjects definitely had scotomas. These nonfunctioning
areas in the visual field became known to us either through the subject’s medical
record, our observations of his behavior during the test procedure, our direct ques-
tioning, or through the subject’s comments and remarks. A cursory examination was
carried out to determine the general location and magnifude of scotomas, but our
already overtaxed procedure did not permit us to carry out detailed tangent screen
tests,

Only 2 of the 81 subjects (n,urpbers 20 and 28) had Suffered a visual loss within -
the year prior to visiting us. Although they rated UFs of M and. m and S and s,
respectively, they were nevertheless difficult to work with. This was no doubt due
to their deep emotional involvement with themselves resulting from the negative
change in their visual status.

- The distance visual acuity (equivalent Snellen acuity at 20 ft) for the 8t Subjects
ranged between 20/50 and 0. Forty-five of the 81 subjects have acu1t1?{hsz:i\re less
than 20/100 but no worse than 20/4Q0. (See Table 3.)

51
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, Lo Table 6 \
. ! e
EFFECTIVE MAGNIFICATIONS REQUIRED FOR-
"SUBJECTS TO READ AND WRITE

\/

[ - '
No. of Sub'jects
. Effective
Magnification Reading Writing «
- 1x to 2kx - 4
“’ 3x to  4kx 5 9 -
. 5x to 6%x 7 11 - '
7x to  8%x’ 9 6 '
9x to 10%x 2 4
11x to 12%x 3 5
13x to lakx 7 3
" "15x to 16%x ) 7 5
17x to 18%x 5 - B
19x to 20%x 5 2 )
21x to 22%x 1 -
23x to 24%x 4 1 !
25x to 26%x 2 1
27x to 28%x 4 1
29x to 30%x 1 ——
12
. 31lx to 32%x . 3. 3
p © 33x to~38%x 2 -
1 39x to 44%x 6 -
- ) 45x to 50%x 1 -
- 51x to 60%x 2 -
61x to 70%x 2 -
192x 1 -
Unknown 2 26
Total 81 a

=)

’

The linear magnifications selected for reading by the 81 subjects ranged be-
tween 1'% x and 22x. Seventy-four of them preferred a linear magnification in the
range 1'2x to 12'%x, and 23 in the range 3x to 4/2x. In all but one case, smaller linear

“magnifications were preferred for' writing than for reading, and 44 of the subjects
wrote at linear, magnifications ranging between 1x and 4'%x. The effective magnifi- -
cations relative to reading for 72 of the 81 subjects ranged rather evenly between
3x and 44'%x.-Relative to writing, 26 of the 55 subjects wrote at effective magnifica-
tions ranging between 3x and 8%x. (See Tables 5 and 6.)

Forty-five of the 81 subjects rated an S for reading ahd 39 rated an s for writing;

67 rated either an S or M for reading and 56 rated an s or m for writing. This is very ‘ J
¢ - AN
52 .
< .
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Table 7 ©
READING RATES ACHIEVED BY SUBJECTS %
Reading A
Rate{ No. of
(vpm) Subjects

0 L0 2 iiiieeeennnesocnnnnssoeses 14

30 10 L.ttt ieeaaen

11 £0 20 tviveeveneeneennenncnncenns

21 £0 30 ..ttt ittt

(a) .. '

31 £0 39 tiiiierrtccnennssensenssas 1
40 £0 49 ittt et e
50 £0 59 .ttt iiiiii ettt e
60 £0 69 ..iiiiiiiertotetrettenasaas
7O 0 79 tiiiiiinirenranssonasasasns
80 t0 B9 t.iiiiiienenefiiineecnennn
90 £0 99 +irrrririirrii i@ iiiiiiann,
100 £0 209 vvirvvnnnnnnsnonannnnones
110 £0 119 v iiviennennoenoonoronnnna
120 £0 190 tievirieeverresoncnnannns

v O

R R N LRI I A

NNV WKWV WO

TOLALl Juvrrrerveeeevuonnennannenas 81

%The subjects represented in this
line of the table rated an M for read-
ing, but the exact rate at which they
read could not be determinedes It
ranged between 3 and 30 wpm. This was
due to one of several causes: the sub-
jects were elther too nervous to perform
consistently, or they tired easily, or
they showed marked signs of senility.

|
[
!

encouraging, because the subjects reached this level of achievement with no more
than 30 minutes of actual experience with RANDSIGHT I. Genensky’s experience
with GCTV systems indicates that most partially sighted people who initially read
30 or iore words per minute can easily expect that over time they will at least
double their reading rate.* This observation appears to be supported by the experi-
ence of some of our subjects; for example, after reading between 5 and about 20
minutes, siibject number 49, using newspaper column type, increased his reading
rate from 50 to 90 wpm, and subjects 60 and 69, using double-spaced typewritten

1

* This may not be true of persons who initially read at relatively high reading rates, say, in excess
of 150 words per-minute. There may be an upper limit at Which a person can read with the aid of a CCTV
system, which is set by the CCTV system itself and not by an inherent limitation of viewer ability. Edwin
Mehr, O.D., of the University of California at Berkeley, suggested this possibility, to us.

53 *
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Table 8

@ SUBJECTS' WORKING DISTANCES FROM
MONITOR SCREEN

|
\
:
' Working No. of.Subjects . R
' : Distance ° '

(in.) Reading Writing
"1l to 2% 4 3
3 to 4% 13 19
5 to 6% 30 18
. 7 to 8% 14 v 8
i 9 to 10% 4 3
11 to 12% 8 2 // .
13 to 14% 3 - ‘ S
L‘ 15 to 16% 2 1 . .-
17 to 18 1 S | ) r
4 Unknown 2 26 ' o~
P, ' Total 8l 31

- !
materlal mcreased their readmg rates from 25 to 40 to 60 wpm and from 37 to 45 , : 1
to 65 wpm, respectively. It is also interesting to note that of the 22 subjects who rated
"~ an M for reading, at least 10 read between 20 and 30 words per minute. It is likely-
[ : : that persons who can read as few as 20 words per minute can also expect to double l/
o }thexr reading rate with time. :
o 3 It isimportant to recall that all our reading rate measurements were made with
/ the subject readmg aloud. Therefore, it is not unreasonable to assume that the
reading rates of some subjects, particularly those who read, say, 50 or more words
, per minute, would have beeri higher had they read to themselves. However, for very
. slow readers, especially those who had difficulty putting individual letters, syllables,
.or words together; we conjecture that their reading rates would not have changed
apprecxably had they read to themselves.
Another factor that may have limited some of our subjects in their reading or
writing performance is that we usé only 9-in. monitors. Conversaii;)ns with persons
vinvolved in the manufacture and sale of CC1V systems indicate that the vast
majority of their customers prefer to use much larger monitors. it is therefore
possible that some of our subjects were inhibited by our 9-in. monitors and would -
have performed better if they could have used, say, a 12-, 15- or 17-in. monitor.
Although Tables 2 through 8 do not record subject preference for contrast rever-
sal, our records show that over 60 percent of the subjects, when viewing ordinary
reading and writing materials, definitely preferred viewing a negative image to a
- positive one.

RSN
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VL. ELECTRONIC IMAGE ENHANCEMENT

One of the major advantages of CCTV systems for the partially sighted is the
ability to manipulate the electronic signals representing the image. By this means,
we can actually improve the contrast over that available in the original material;
in fact, the contrast can even be reversed from black on white to white on black, if
4 desired. Extraneous material can be eliminated by appropriate electrunics, giving
} ' ’ ~ the viewer a wide range of control of image characteristics. In this section, we discuss
the various electronic techniques that we have explored; electronic circuit details
are provided in the related appendices.

/ B . ) ~

CONTRAST REVERSAL

One of the first areas we explored further in this project was contrast reversal,

J - namely, the ablllty to electronically reverse. the order of the gray scale.! With
‘ contrast reversal, the image on a TV monitor of black type on a white background

appears as white type on a blacK background. This is particularly valuable to par-
tially sighted people who are bothered by scattered light, for example, persons who
have scarring of the cornea, lens opacities, or llght-scattermg material floating in
either the anterior or posterior chambers of the eye. The value of contrast reversal
is particularly striking for some partially sighted people who are photophobic, for
normally they find reading and writing almost impossible. When they use a closed
circuit TV system equipped with contrast réversal, they are able to carry out these
operations in relative comfort. When sybjects were asked whether they preferred to
view a positive or negative image of reading an< writing materials, about 60 percent
of them stated that they preferred the negative image. This is not surprising, be-
cause most printed and handwritten material consists of dark symbols on a light
q background, and the area occupied by the symbols is significantly less than that

! Research on contrast reversal was begun before the start of our SRS grant (see Ref. 5); it was
continued under that grant, but until now we have not published the detall: of how contrast reversal was
actuatly introduced into our Shibaden monitors.
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occupied-by the baci(ground. Thus, when such materials afe viewed with a closed
circuit TV system with normal contrast, the light entering the eye comes from the
background and not from the symbols—but it 1s the symbols that carry most of the
useful information.* While the bright background may be distressing in itself,'to
persons who are bothered by light scattering, some of the scattered light from the

background will fall in the dark areas containing the inférmation and thus will
" reduce image contrast and make reading and wriing even more difficult.

- When the contrast is reversed, ideally no light'comes to the eye from the back-
ground and the only bright objects in the field of view are thé symbols that convey
most of the available information. The total amount of light reaching the eye is
smaller than when contrast reversal is not used and is now more in harmony with
the available information than before. This reduction in the total amount of light
required to read or write is a distinct advantage for photophobics. Further, if the

viewer’s eye tends to scatter light,with contrast reversal there is usually less hght'

to be scattered-and thus the reduction of contrast should be less.

Our experience has shown that partially sighted people who suffer from light -

scattering within their eyes can read and write significantly longer when viewing
a negative or reversed contrast irnag'e than when viewing a positive image. Ge-

nensky reports that when he views a positive image, he is obliged Lo rest his eyes

“after 15 to 30 minutes of reading or writing. However, when he uses reverse contrast,
he is able to carry on these gperations for hours without takmg a break. o
Based on our - sperience, we strongly helieve that any“electro-optical system
designed to aid the partially 51ghted to read or wrlte should have the capability te
provide an 1mage with reversed contrast. .

CONTRAST ENHANCEMENT =~ -

Another desirable capability that electro-‘obtical systems permit is enhance-

ment-of contrast over what is available in the source material. When reading or .

writing, one is usually not concerned with shades of gray but only with black and

white (ignOring personal aesthetic preferences, for example, for green ink:on yellow.

paper). This is particularly true for the partially snghted who, as a rule, need as much
contrast as they can obtain. )

One way to accomplish h;gh contrast electronically is to pass the v1deo signal
through a threshold detector, which provides full output if.the video signal is at any
level above the thresheld and no output for any video signal, below the threshold
level. This supplies an output with a two-step gray scale, and the monitor controls
can be set to make these values cdrrespond to high brightness and complete black-
ness, respectively, or vice versa if contrast reversal is used. By providing a (,ontrol
that varies the threshold value, the viewer can detect a range of contrast values in
fhe material being viewed. -

* The background does contain some lnform mon for example it provxdes the viewer with data
regarding the spacing between lines, words, and sentences.

56 - :




A major disadvantage of this approach becomes especially apparent when work-
ing under low illumination conditions or with low contrast source material, such as
a newspaper. Noise, which is always present in the video signal, varies with time
and con trigger the threshold device off or. on near the edge of the character. The
normally statiorary edge of a character will seem to jump from side to side in a
random fashion. Further, small spots in the background will turn off and on as the
noise carries the video signal above and below the threshold, creating a scintillating
-effect that is most annoying.

These problems can be avoided by modifying the threshold device to produce a
nonlinear gray scale rather than off-on (two-step gray scale) in the vicinity of the
threshold. For-example, if the video signal varies from zero to cne volt, we might
arrange to have a zero output until the input reaches .3 v, a linearly varying output
ranging between zero and one volt when the input varies between .3 and .7 v, and
an output of ©ne volt for any inpu_f over .7 v. In this case, a typical noise signal of
about .1 v will cause only one-fourt!i as much maximum output variation as the
two-step gray scale might. Another advantage of this approach over the two-step
gray scale is that it can provide some compensation for variations in seusitivity over
the face of the vidicon. )

In addition to the effects of noise, the use of randomly interlaced scanning in
the TV camera causes a noticeable and annoying ripple in characters when dis-
played on the screen with a high contrast image. This can be totally-eliminated by
using a fixed 2:1 irterlace, so that each horizontal scan line starts at the same
vertical position on the screen rather than at a random location within a short
distance from its nominal location. However, 2:1 interiace cameras are more expen-
sive than random interlace cameras. Any monitor will work with either system, and
although the apparent ripple can be reduced by simply decreasing the contrast, this
would reduce the advantage of contrast enhancement and thus is not the solution
tq the problem. ‘

ELECTRONIC WINDOW

Several early observations of subject confusion resulting in repeated loss of
place while reading with RANDSIGHT I led to the incorporation and oczasional use
-of what we call an electronic window. To some extent, the electronic w:ndow can be
viewed as a kind of “typoscope.” The typoscope is a visual aid consisting of a rectan-
gular piece of black cardkoard with a rectangular slit usually centered and running
almost its entire length. When the typoscope is placed on a printed page, only one
or two lines can be seen through the slit. Since we work with a range of magnifica-
tions, we provided tne electronic equivalent of the typoscope with control over the
= window: (or the slit) height and Jocation as viewed on the monitor screen. Figure 10
demonstrates the electronic window in use. )

With only a limited amount of testing, a few tentative conclusions may be
drawn about the electrenic window:
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ferred by the partially sighted to normal contrasi.

2. If the window is set for a single line, it is fairly easy to los. track of what
line the viewer is ~~ whether ro.-ma! or reverse contrast is used.

3. As a consequence ot statemen 2, viewers will probahly prefer to set the
window height so as to encompass two or three lines rather than one.

4. There is apparently some advantage in using a fairly high window, which
cuts off the very top and bottom of * 2 mor itor image. One reasor. tor this
is that contrast is often poorest in those areas of the image; anather reason
is that there may be extraneous lines visible in those areas that are due
to some of the vertical synchronizing €.fccts. !

5. Normally, blanking is turned off and c¢n very quickly—typically in a frac-

" tion of a microsecond. This leads to a very sharp edge at the top and bottom
of the window. Wt.en bright elements of the image occur at this sharp edge,
they appear to turn off and on in an annoying manner. Although this effect
is much worse with & camera having a randomn horizontal sync, it is not
completely eliminated even with a 2:1 interlace: A sirnple solution to this
problem was found—and one that was dramatically effective—<which we
call a “soft window.” We slowed up the turn-off aind turn-on oﬂt’hg_}a’indow
so that these transitions occurred over sever;il horizontal scan linies.

© / ‘ .
Appendix C describes what modi}'}cations were made in the Shibaden monitors
to achieve contrast reversal and to create an electronic window.

VIDEO INFORMATION PROCESSOR /‘ .

Cur experience with contrast reversal, contrast enhancement, and the elec-
tronic window convinced us that it would be desirable to have a “black box,” inserted
in the coaxial cable between the camera and the monitor, that could provide these
functions wichout having to make modifications tc either the camera or the .nonitor,

which likely ‘would result in a loss of warranty. Th Videp Information Processor

(VIP) designed and fabricated in the course of this project is such a box. 1t permits
the viewer to ‘

1. Switch the polarity of the image displayed on the monitor screen (ie.,

. produce contrast reversal). " '

2. Introduce an electronic window into that imnage.

3. Manipulate image contrast and brightness beyond that available with
+ "only the use of the monitor ;ontrols.

VIP can be usca with nearly any TV camera and any T monitor. _
Care was taken in designing VIP to ensure that it be as simple to operate as
possible. One of its controls allows the viewer to pravide contrast reversal; another
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permits him to vary the levgl of contrast enhancement in either polarity; a third
allows him to select either a full picture, or one in which a rectangular portion of
the picture on the top, bottom, or on both the top and bottom of the screen is blanked
out (i.e., it permits him to introduce an electronic window); a fourth control allows
him to vayy the height of the electronic window; and a fifth one permits him to
change Vh{ vertical position of the window. _ .

In t{ e'design of VIP, we al 0 attempte] to minimize the number of parts re-
quir Jahd to choose minimum cost componentis. Unfortunately, relative to cost, our
findings were rather disappointing. For example, if one were to build the power
supply and the rest of the necessary circuitry c.aeself, the cost of the components
would run approximately $35.

Because constructing a VIP is not a job for an amateur, we have made several
attempts,. unfortunately unsuccessful, to interest electronic manufacturers in the
VIP concept, in the hope that they would add instruments based on that concept to
their product line. This would give those who are not skilled in electronics and who
wish to assemble their own CCTV system an opportunity to include in their instru-
ment the electronic features that are available with VIP and that we have found so
useful. ' . - -

" One of the major objectives of VIP is to permit the viewers to use moderately
priced cameras and monitors and to obtain the same image quality and flexibility
that can be had with expensive cameras and monitors together with specially de-
signed circuitry. Although ‘we went a long way toward achieving this goal, we were
not able to include the production of an image of uniform gquality over the entire
monitor screen as part of the VIP. package.®

One of the major problems we encountered in our VIP research was the varia-
bility of operating characteristics from camera to camera, even in the case of cam-
eras produced by the same manufactuvrer aiid bearing the same model number. The
most deleterious varia‘tﬁon we encountered was that of sensitivity at different posi-

tions in the field of view; for example, one camera might have reasonably uniform_

sensitivity over the field, while another of the same make and model might exhibit
variation as much as two to one over the same \ﬁeld. In the latter case, the image
contrast would vary by the same amount, making contrast enhanceinent very diffi-
cult. Thus, with a good camera, contrast enhancement can provide a dramatic
improvement in image quality—nearly equivalent to that obtdfnable with a lightbox
(see Sec. VII). However, with a poor camera, the improvement is marginal.

Another problem we encountered involved the video signal characteristics. The
signal level, sync amplitude, sync width; etc. seem to vary from model to model, so
that 1n going from one model to another, the VIP needs to be readjusted. Although
it might’ 68 rossible to make this adjustment without an oscilloscope, the use of such
a device makes the ] uch easier. A

Appendix D describes the circuit details of our Video Information Processor.

¢ By the production of an image of uniform quality over the extire monitor screen, we mean eliminat-
ing bright and dark areas from the image that are present even when the TV camera is viewing a diffuse
surface that is uniformly illuminated. ‘
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VII. LIGHTBOX TEST

We have developed an inexpensive test, which can be administered by an oph-
thalmologist, optometrist, or other qualified person, to determine whether a closed
circuit TV system could assist a partially sighted person to read printed and hand-

written material. We recognize that no test that does not involve the actual use of

a CCTV system will be completely satisfactory. Nevertheless, we feel confident that
we have devised a test that will permit the practitioner to predict with reasonable
certainty whether a partially sighted person could benefit from such an instrument.

The test is very simple and can be administered rapidly.. It consists of havirg
the partially sighted person sit before a lightbox, such as that found in a physician’s
office for reading x-rays, and having the patient view a set of four positive and
negative transparencies that display typewritten material magnified linearly 1, 2,
4, 8, or 16 times (see Figs. 12a and 12b). If the patient is able to read any of the
displayed material, with or without the help of carrective lenses, there is a good
chance that a CCTV system could benefit him. However, in those cases where the
patient is obliged to piece words together, a letter or part of a letter at a time, the
potential reading speed with a CCT'V system may be too slow to warrant the pur-
chase of such a device. Our experience has shown that most partially sighted persons
who are not able to view at least three or four alphanumeric symbols at one time
tend to read so slowly with a CCTV system that it is questiorable whether such an
instrument is appropriate for their use. And yet even here one must not draw absolute
conclusions, for persons with the ability to see one or two letters at a time, and who
are highly motivated, frequently are able to perform phenomenally well. For exam-
ple, a young veteran'who had been injured in the Vietnam conflict could resolve
typewritten material magnified linearly two times at a distance of 16 in. However,
at that magnification and distance, he could only see, at one time, a single letter,
not the next letter, and the following one and a half letters. Even so, he was able
to read at the rate of 35 words per minute, with about 5 minutes’ experience with
RANDSIGHT 1. This young man displayed exceptional determination in so effec-
tively utilizing the very small and divided visual field that remained to him.

We have generally administered our lightbox test in a reom with subdued light-
ing. However, for most partially sighted people, this is probably not necessary, as
they will perform about equally well with.normal lighting. This has been-the case
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with respect to the use of our RANDSIGHT equipment.\However, this is not true

of partially sighted people who are very light sensitive. These people perform much

better with subdued room lighting or with no room lighting at all. Two of aur

subjects were so light sensitive that any extraneous light tended to inhibit their use 9

of RANDSIGHT II.! Fortunately, such extreme cases of light sensitivity appear to

be rare. In view of the above, it would probably be advisable to administer the B o

lightbox test with subdued room lighting; this would eliminate most of the complica-

tions that arise when dealing with subjects who tend to be light sensitive.

The screening test can also be used to determine roughly what linear magnifica-

tion a patient prefers and how close to the monitor screen he will have to be to read

at that magnification, Because the*viewing conditions on the test display surface are

not identical with those encountered when viewing a TV monitor, the parameters

measured with the test display may differ slightly from those encounteredl when

viewing the monitor screen of a CCTV system. This follows from the fact that the

B test materfals consist of high-contrast, black-and-white, positive and negative photo-
graphic ?ransbarencies set in opaque black cardboard frames, which have the same ]
dimensions as the ground-glass face of the lightbox. Hence, when the test materials
y ' are viewed with the full illuminating capablllty of the lightbox, they exhibit bright-
‘ . ness and contrast that, in general, although not identical, are comparable with that
' found when viewing some of the bright, high-contrast CCTV equipment currently
available. If the image on a TV monitor has less contrast and/or is not as bright as
that on the test display, then, when using that monitor, a viewer will probably need

 greater effective magnification than that predicted by the screening test.
Effective magnification is'deeﬁ/led to be 16 tim:s the linear magnification at
4 ) : which a viewer is able to resolve’an object, divided by the distance, measured in
' inches, between the object and his eyes. This is a rough indicator of how many more
times an object must be magnified on a partially sighted person’s retina than on a
normally sighted person’s retina before it is resolvable, Both the lingar magnifica-
. . 'tion of the object and the viewer’s proximity to the image of that/object are ac-
counted for. If the viewer, for example, finds that he can resolve pica type having
a linear magnification of 9x with his eyes 2 in. from the magnified image of the cop§,
we say that he needs an effective magnification of 72x to read the material.

The test display demonstrates dragmatically to even the nofmally sighted why
so many partially sighted people prefer a negative image to a positive one when
viewing dark type on a light background (see Figs. 12a and 12b). The eye, normal
or pathological, tends to fatigue more rapidly when viewing a ldrge display that
consists of dark letters occupying a small area in a very light background, than it
does when it views the same display with the dark and light areas interchanged. In
the latter case, as pointed out in the previous section, the only bright objects in the
scene are the letters themselves, and they are the objects in the field that convey

~most of the useful information. Viewing a negative image is especially useful for
persons who have corneal scarring, cataracts, or light-scattering material floating
in either the aqueous or vitreous humor

A
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. ' Subsequent to the visit of these subjects, we have made the room housing RANDSIGHT II almost
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VIII. SOME CRITERIA FOR CLOSED CIRCUIT TV
SYSTEMS FOR THE PARTIALLY SIGHTED

We are often asked to state the criteria that we believe must be met if a closed
circuit TV system for reading or writing is to be of value to the partially sighted.
This is not easy to do, because advances in electro-optical research, as well as
mnovatlons in mechanical and electro-optical design, can and do make it necessary
to alter the criteria. Thus, the cﬂtena of today may not be the appropriate criteria
of tomorrow. In the list we have assembled below, the criteria whose descriptions
include the word “must” are those that we currently believe are essential to the
design of closed circuit TV systems if they are to be of lasting value to the partially
sighted. The other criteria are less important but should be incorporated in instru-
ment designs whenever possible.

GENERAL CRITERIA

1. All the parts of the instrument must be of high quality, including its frame,

lens system, camera, monitor(s), illuminator, and X-Y Platform. The instrument

must be rationally designed and well constructed. Much of what follows amplifies
what we mean by “rationally designed and well constructed.”

2. All controls must be located so that they are readily accessible and easy to
operat. by the viewer.

3. The TV monitor must be located at a convenient hexght above the supporting
desk or table and at a distance and attitude that allow a viewer to see the monitor
screen without holding his head at an uncomfortable angle or in an unnatural
position. Because the height and visual charar.teristics of viewers will vary, adequate
provisior. must be made -to adjust the position of the TV monitor to ensure viewer
comfort.

4. The optical helght of the TV camera above the upper surface of the X-Y
Platform must be adjustable over a range of at least 4 in. The lower face of any
structure (e.g., the TV-camera zoom-lens assembly) must not be closer than 8 in.

.//
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(preferably 9 or 10 in.) from the upper surface of the X-Y Platform when the CCTV
‘ systemn is in use. A
5. Capability must be provided to present a normally oriented image on the TV
screen even when the viewer chooses to rotate the X-Y Platform, in order, for
example, to write more comfortably.
6. The entire CCTV system must be wired so as to permit the viewer to turn .
it on and oft' by means of a single, conveniently located switch. E
7. The mechanisms for adjusting the location of the TV camera and the TV
monitor must provide positive control of position at all times (i.e., the monitor should
not be able to drop while attempting to change its position). .
8. The TV camera mounting must,be rigid, and it must not permit camera
vibration that degrades image quality on the TV monitor.
9. It might be desirable for the illuminator and the zoom-lens system to be .
capable of accommodating one or more filters.

TV CAMERA AND TV MONITOR CRITERIA

1. Elther the TV camera, the TV monitor, or a “black box™! connected between
the TV camera and the TV monitor must be capable of producing an 1mage on the
TV monitor screen that has.either a normal or a reversed gray scale. The viewer
must be able to reverse the gray scale, or more technically produce contrast reversal,
by simply flipping a switch or turning a knob. .

V' 2 The image produced on the TV monitor screen Ry the TV monitor, TV, 4
camera, and zoom lens, regarded as a single system, must be in focus over the entire .
screen and must be free from visible noise. The geometric distortion of this system
must not exceed 4 percent.

3. TheTV camera, TV monitor, illuminator, and any other pieces ofeqmpment
that draw electricity must be electrically.grounded through their AC power cords.

4. The TV camera and the TV monitor must be adjusted so that the contrast
and brightness controls on the TV monitor change those parameters over a useful
range. , “

5. Image enhancement greater than that produced by a fast high-quality lens,
coupled with a nonmodified TV camera and TV monitor, is desirable. This can be
accomplished by increasing the amplification of the signal generated in the camera
or by modifying the gamma of the system.

6. It is desirable to have uniform brightness over the entire monitor screen
under various settings of the, TV monitor’s brightness control when the TV camera
is viewing a surface that is illuminated uniformly.

7. Image stability must be contrcllable by merely adjusting the vertical and
horizontal controls @,QE TV monitor, and once these adjustments are made the
image should remain stablé under normal wor king conditions.

-
f’»,V

' For example, th + Video Information Processor described in Sec. VI.
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8. A capability of producing vertical electronic blanking, that is, an electronic
window, may be desirable, and can be useful in conjunction with. a nermal or

 reversed image. To avoid the appearance of wande}'mg bars on the top and bottom

of the window due to tandom sync, the window should turn off and on slowly, that
is,’during the time it takes to sweep over several horizontal lines.
9. The TV monitor must be equipped with an effective lmploswn shield.

10. The zoom le_‘ns, TV camera, and illumingfor should all have suficient field

uniformity to prdvide an image all of whose elemehtg are of SImllar brlghtness and
contrast on the TV monitor. ’

11. When the TV camera is viewing well-illuminated, high-contrast material, _

the brightness available on the TV monitor should be so intense that it causes, or
almost vauses, visual discomfort to a normal eye, when located close enough'to the
monitor screen that its visual field is almost completely filled with the image of that
screen. Under the same illuminating conditions, the contrast on the screen should
be such that dark portions of the image are the result of almost no yisible output,
being produced in those areas by the monitor circuitry.

12. The TV camera must have a resolution of at least 300 lines across the field
of view.

13. The TV monitor acceleration voltage probably should not exceed 19 kv.

14. The TV camera must be capable of producing a quality image on at least

.two.monitors simultaneously.

I 15. Itisdesirable that a camera employmg a 2:1 fixed interlace be used to avoid
the annoying ripple effect that occurs in high-contrast portions of an image.

16. Ttisdesirable that the TV camera have both RF and video output capability
so that a TV receiver can be used should the TV monitor need repair.

17. It is desirable that a TV monitor be used rather than a TV receiver for two
reasons: (1) The RF output from the camera to a TV receiver is generall. of lower
bandwidth than the video output to a monitor, and (2) many TV receivers cannot
utilize a wide bandwidth signal even if available. - - :

CRITERIA FOR THE ILLUMINATOR , ' ’

- 1. The 1llummator must prov1de light that is constrained as closely as possible
to cover only the maximum field of view of the camera-lens system (when the len«
is set at minimum magnification).

2. The light produced by the illuminator on the upper surface of the X-Y
Platform must be of uniform intensity, in the sense that when the CCTV system is
viewing a page of uniform quality, the illumination must not introdyce variations
in image brightness and contrast that are not inherent in" the material being tele-
vised.

3. The illuminator must be localed s6 that when the viewer is writing with the .

" CCTV system, the shadow of his hand and of his writing mstrument does not
interfere with his writing. :

¥
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- length lens-bellows extender combiration.

2 ,

4. Theilluminator must be properly shielded to eliminate the possibility of the
viewer being burned by touching or grasping it during day-to-day use of the CC’I‘V
system.

5. The illuminator should probably be equipped with a mechanism that per-

mits the viewer to vary the brightness of the spot of light it produces.
" 6. Theilluminator must be shielded to eliminate the possibility of stray light
passing out’throughits sides ¢ or top into the eyes of the viewer. Further, direct view
of the bright surfaces of the illuminator should not be possible; nor should it be
possible for the illuminator to shine directly into the eyes of the viewer under
normal working conditions. . -

7. The illuminator must be located so as to prevent d&ect reflection into the
eyes of the viewer when it is lighting a highly reflective. surface such as a sheet of
paper with a glossy finish. .

8. A sturdy but easily manipulated mechanism to control the location of the
illuminated area must be provided.

9. It is desirable that the illuminator design be such that it accepts bulbs that
are readily obtainable and easily changed. .

CRITERIA FOR THI‘i ZOOM-LENS SYSTEM ]

Either a high-quality fixed focal length lens with a bellows extender or a zoom
lens should be dsed. Once.focused, a zoom lens will produce changes in magnification
over its zooming range by a simple turn of its zooming sleeve. However, in most

cases, a zoom lens will not produce the highest possible quality image over its entire

zooming range. A fixed focal length lens with a bellows extender, once focused, will
generally produce a higher quality image, but to change magnification with such a
lens, the extension of the bellows must be altered andthe entire lens and TV camera
raised or lowered until focusing is achieved. Qur experience has-shown that unless
a very highly magnified, sharp, high-contrast image is needed, it is preferable to use
a zoom lens, because with such a lers-changing magnification (over its zooming
range), it is-much more convenient, lrss compllcated and taster than a fixed focal
7
1. The zoom lens muist provide at least a 4 to 1 range oflmear magnification
of an object located on the X-Y Platform; it must do this in such a way tHat the image
seen on the TV monitor screen remains in-focus throughout the entire zoom range,
and the distance between the zoom-lens system and the object remains constant once
the zoom lens has been initially focused. This may require adjustment of the vidicon
position to match the designed mounting distance of the lens being used.
2. The zoom lens should be of high enough quality to produce an image on the
monitor screen that is free from noticeable Lincushion, barrel, or other distortion,
and it should be fast enough to be used with ordinary room lighting or with a light

-source provided as part of the CCTV system.

3. The zoom lens probably will need to be equipped witt, one or more close-up
66
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lenses in order that it can be focused at a working distance of 8 to 12 in. from the
o ‘ ‘ material on the X-Y Platform and produce an image on the TV monitor that lies .
‘ within a usable magnification range. The usable magnification range will vary from
L viewer to viewer. but most viewers (probably better than 90 percent) will require
‘ linear magnifications on the monitor screen that are no less than 1 and no greater
than 20. Further, each viewer will need to cover only a fraction of that range; for '
example, ane viewer may need to see material magnified between 1.5 and 6 times
* and another 4 to 16 times in order to cope with nearly all the reading and writing
materials they may expect to encounter.
B 4. The zoom lens may need an extender placed between it and the TV camera
to change the range of magnification without appreciably changing the distance of’
the lens from the material being viewed. :

v

p , CRITERIA FOR THE X-Y PLATFORM

] . !Mgsed circuit TV- systems for the partially sighted that involve the use of an

P ) X-Y riatform, such as the one described in Sec. IV, are simpler, less costly, and more

effective than many other more complicated instruments.? They are also vastly

e . superior to devices that require a viewer to maneuver reading or writing rhaterials
2 dlong a desk or table surface with his hands.

' 1. The X-¥, Platform must be sturdily constructed with smooth running guides
that allow unobstructed motion of its upper surface at least 8 in. in the x-direction
and 11 in. in the y-direction under loads as light as a sheet of typing paper or as
heavy as an unabridged dictionary.

2. The platform’s nonmoving parts must be suthlently massive, and’ the bbt-'
tom face of its base must be equipped with friction pads or otherwise constrained,
to prevent these parts from slipping or sliding on the supporting desk or table while-
its loaded upper surface is being manipulated. It should be noted that viewers
generally prefer to operate an X-Y Platform whose parts, both moving and statlon-
ary, are rather massive. - .

3. The platform must have a braking mechanism that permits easy and con-
venient adjustment of the ease with-which its upper surface moves in the y-direction,
without apprecjably altering the smoothn.ess with whxch it moves in either the x-
or the y- dlrectlon .

* 4. The platf‘orm must not have sharp edges or corners that cculd cause lnjury
to a viéwer.

« 5. The platform must have an upper surface that measures at least 12 in. in "~
the x-direction and 12 in. in the y-direction, but the upper surface must not be so
large, or have so much traverse, in either the x- or y-direction that it (1) runs into
the viewer or another part of the CCTV system, or (2) causes the entire platform to
become unstable when it is being manipulated. It should be noted that thée platform’s -

* For example. RANDSIGHT 1 as described in Ref. 2.
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upper surface need not be square; some viewers may prefer that the surface be wider
than it is long or vice versa. ‘

6. The exposed face of the platform’s upper surface must be finished so as to
eliminate or greatly reduce glare, to allow easy manipulation of reading and writing
materialg; and to create enough contrast on the TV monitor s¢reen that the reading
and writing materials can be easily distinguished from the platform surface.

7. Height of the platform should be kept. to a min‘mum. It must not exceed 3
in. above the supporting desk or table and preferably be less than 3 in.

8. It is desirable for the platform to have a grid or other markings painted on
the exvosed face of its upper surface to serve as guides for the viewer to center and
align the platform relative to the TV camera and its optical system and to center
and align reading and writing materials when t‘hey are placed on the platform’s
upper surface. ,

9. The force needed to move the platform’s upper surface in the x-direction
should be of the order of a few ounces, and that needed to move it in the y-direction
should be adjustable and in most cases should not exceed a few pounds.
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IX. OTHER RESEARCH ON CLOSEi) CIRCUIT TV
SYSTEMS FOR THE PARTIALLY SIGHTED

-

In 1959, A. M. Potts, D. Volk, and S. W. West [10] described a closed circuit TV
readmg device that consisted of a Dageé CCTV camera equipped with a 3-in. telephoto
lens and a 14-in. monitor. Reading material was clipped to a stand, which could be
moved by means of a manual gear drive in any direction over a horizontal plane.
The TV camera was fixed in space, and the mstrument produced a linear magnifica-
tion of 10x-on the 14-in. monitor. !

. In 1968 C. A. Weed [11] described a CCTV reading mctrument that employed
a hand hel¢ TV camera that was moved across the page to scan the printed word.
Tr. correspondence with Weed, dated March 26, 1968, Genensky learncd that Weed
and his colleagues had modified their reading device. The letter states that now “the
camera is held stationary above the desk, and the printed page is moved beneath
the lens by means of a mechanical stage.”

As of 1970 Weed [12] described a CCTV system that incorporates a 19-in. Shi-
baden TU-19UL monitor ard a Shibaden HV-50 or HU-14 camera. Magnification
changes are made by adding or subtracting extension tubes between the fixed focal
length lens and the camera. Illumination is supplied by a 60-w gooseneck desk light
or by a Tensor desk lamp. Reading materials are moved completely by hand on a
table below the down-pointing camera. In the tests, which were carried out with 14
subjects, this CCTY system was compared with two uptical magnifiers. This cornpari-
son is of dubious value, because the subjects were constrained to view an image with
a fixed magnification of 10x at-a fixed distance (40 ¢cm) from the TV n.onitor. Thus,
Weed was assuming that all his subjects covld use a CCTV system at one and the
same effective magnification, nari]ely, 10x. As pointed out in Sec. V, Table 6, this is
an unjustified asswaption.

In 1968, S. M. Cenensky, P. Baran, H. L. Moshin, and H. Steingold [2] described
a CCTV reading and writing system (RANDSIGHT 1), which at that time cons‘sted
of a Concord MTC-12 camera that translated vertically by means of a motorized
control to accomplish focusir.g of a variable focal length lens and that rotated about
a horizontal axis to carry out scanniug of the printed or handwritten line. The
¢:mera rotation wasgoverned by a hand-operated servomechanism. A 5-in. Sony
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television receiver, Model 5-307UW, rested on a shelf that could be moved up or
down slightly and toward or away from the viewer to suit his convenience. Addi-
tional information concerning this early instrument is contained in Refs. 3 and 4.

Currently, RANDSIGHT I is equipped with a Shibaden HV-15S camera, two
9-in. Shibaden MV-903 monitors, and a Canon TV zoonf lens V6X16 equipped with
a plus 4 add. The camera no longer rotates about a horizontal axis, and the entire
servomechanism control has been removed. The camera can still be raised and
lowered by a motorized control, and it can now be rotated manually about .*s optical
axis. :

Reading and writing materlals are now placed on an X-Y Platform and easily
maneuvered below a stationary camera to carry out line scanning and shifting frém
li;.e to line. . :

Contrast reversal is produced at each monitor by, ﬂlppmg a switch, and an
electronic window is introduced and varied in position and helght by the turn of two
cor trol knobs. (See Refs. 5 and 6.) )

In 1969, J. H. Kuck sent us a manuscript of a paper ent\tled “How To Build a
Closed Circuit TV Readlng Aid” [13]. In his instrument, the TV camera (Ampex
CC-6017) is mounted vertically and can be moved in two orthogenal directions in a
plane para/fel to the working surface by means of a set of cranks. The reading
material is set in a “tray,” which can be shifted by means of a lever from left to right
through a distance of 2.5 in. A 20-in. TV monitor (Setchel Carlson 2100-SD).is used,
and changes in magnification are made by raising or lowerlng ,tde camera and
~efocusing its lens system. B |

In a letter dated March 12, 1971 we learned that H. L. Jonkers and his co.
leagues at the Delft University of Technblogy, Delft, Netherlands, have been carry-
ing on research since 1968 on a CCTV instrument for the partlally sighted.

Jonkers reports that their experimental equipment uses 4 CCTV system pro-
duced by “Fernsch GMBH Darmstadt.” The camera operates at 60 fields per second

(interlaced) and 735 lines per frame, and the monitor-screen has approxlmately a
60-cm diagonal. The camera is equipped with a “variable focal length objective,” and

- the linear magnification of the image on the monitor screen may be as large as 24x.
At the time the lettet. was written, the instrument used a servomechamsm to pro- -
duce x-y image scanning. However research was in progress on an “electronic image

scanning mechanism.”
In a letter dated February 5, 971, to Genensky, we learned that A:Torvi and

his colleagues at the University ot Calgary, Calgary, Alberta, have also been experi-

menting with CCTV sys’ems for the partially sighted since 1967. One of their devices

_is an instrument for scanning a chalkboard, and the other is.a aevice for, _reading ~

printed and handwritten material. In an attachment to Torvi’s February B, 1971,
letter, an< from a copy of a progress report that accf)mpamed is September 20,
1971, letter, we learned that the “blackboail viewer” consists of a TV camera
mounted on the equivalent of a tripod head and a 16-in. monitor that sits on a shelf
or desk. The camera can be raised or lowered and votated so as to be placed-in the
most convenient position to view a distant area of interest. As currently consigurcd,

5
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this instrument, including its supporting desk or stand, can be wheeled as one unit
lmm (I(l\\l()()”] to (.ld\\l()()”]

The reading instrument is not dtbu ibed in detail, but from the available phuto-
praph we inforthat it consists of a large monitor and a down-pointing camera that
views printed matter placed on a movable stand, which from the photograph appears
to be moved toward or away from the viewer (rather than from lef‘t to right) to scan
aline and from side to side to shift from line to line.

P. MceGoldrick [14] and his colleagues at the Lawrence Livermore Laboratory
in Livermore, California, designed a CCTV system that departs quite sharply from
conventional designs. It consists of a hand-held camera and a monitor unit. The
monitor unit includes the video processor circuits and power supplies. In addition
to the normal controls on ordinary TV systems, this device’ oilers the following

witchable choices: a normal gray scate, an irverted (or reversed) gray scale, an
inverted two-step gray scale, and adJustable horizontal ‘blanking. The hand-held
camera looks like an ordinary flashlight *and when in operation is held in a vertical
position (flared end downward) and rests directly against the material to be read.
Line scanning is accomplished by moving the camera by hand across the printed
line. The instrument, mcludmg its carrying case, weighs 28 b (the carrying case
alone weighs 12 1b, but as: pomted out by McGoldrick could be reduced to a few
pounds). ~

Our SRS/Rand-sponsored research was the msplratlon for the research carried
on by McGoldrick and his colleagues. Throughout the course of designing their
instrument, we provided them with advice and ~ncouragement, and when asked, we
reviewed their work.

M. Lavieri and G. B. Wilson [15] of the University of California at Berkeley,
California, have designed and built a “portable” CCTV system that may be used for
reading and writing. A Sony SVC 2100A camera and a Sony 5-in. receiver were
modified and placed in a rectangular wooden housing, which stands on four legs. The
axis of the camera lens is horizontal, and the lens projects through the right side

“the housing. A mirror is used to bring the image of the printed page to the lens.
The reading and writing material is placed on a rectangular platform, which may
be moved in both the x- and y-directions. When Genensky saw the instruraent in the
summer of 1971, the. reading material was moved toward or away from ti.e viewer,
rather than from left to right, to achieve line scanning, and it appeared to operate
at a linear magnification of 9x. The contrast is reversible, and the entire’instrument,
including the platform, weighs 30 Ib. It is not clear how this instrament 1s used for

~writing. "t
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Appendix A
COPY OF SHEPHERD LETTER REPORTING ON
X-RAY MEASUREMENTS
S
8 o L \Ili:"l'llliillb
} and Asutlalu
_ Representatives 703 S. Pacific Ave.
“ Consvitants > for naclear WOM : Glendale, Calit. 91204
. !v}glnnn . phone: (213) 245-0187
{
s December 2, 1970 ’
1 Rand Corporation . R
1700 Main Street
Santa Monica, California
REPORT
MEASUREMENT OF X—RAYS ASSOCIATED WITH CLOSED.
CIRCUIT VIDEO MONITO‘{S )
o The equipment checked was as follows: »
1. Model VM~903 LA 10802 Ser. 090906, This unit was comp! ‘ e
scanned on all gix surfaces, The face of the monitor was sc......d
both with and without plastic gheet in place.
»7
2. Model VM 903 RA 02039 Ser. 030562, This unit was completely
" scanned on all six surfaces.
3. Model VM 903 RA 02039 S. . 030732. This unit was completely
scanned on all six surfaces with the case removed.
4. Conrac Model CQF-9 Ser. 171362. This unit was co.. pletely
scanned on all six surfaces. '
75
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6. Conrac Model CQE-17-875/9453P Ser. 99217, This unit was

- and a detector efficiency of 2, 5%) represents a radiation field of

5, Conrac Model CQF-21/875-60 Ser. 184778. This unit was complntely
scanned on all six surfaces,

completely gcanned on all six surfaces.

Instrumentation:

The instrumentation used to measure the emergent radiat.or from the above
listed units was a J. L. Shepherd and Associates USM~-lA rate mcter, Jcom-=
plete with SP-12 GM probe with window thickness of 1.4 mg/cm” and a win-
dow area of one square inc'. The efficiency of the SFP-12 probe is 2.5%

as measured against ¢ %3Fe (5,9 Kev. photon energy standard manufactured
by Isotope Products Laboratories, with calibration traceable to National
Bureau of 3tandards.

Measurementasa:

Alkof the units surveyed had maximum net count rates (above background}
of less than 80 counts p&r minute at the highest point,

82 counts per minute net (per square inch -~ the area u. the detector -

0, 00017 mr/hr for 10 Kev X~Rays and 0,00032 mr/hr for 19 Kev X~rays,

Conclusion:

We can conclude thati icr the 10 Kev maximum voltage of the VM 903 units
and the 19 Kev voltage of the Conrac series of monitors, external radiation
levels wre significantly less than 5% above normal background.

¢ ‘.
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‘ﬁe L. Shepherd [
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Appendix B
RANDSIGHT 1

RANDSIGHT [, as it currently exists, consists primarily of two Shibaden (MV-
903) TV monit~r. 2 Shibaden (HV-15 or HV-155) TV camera. a 6-to-1 Canon 16.5-95-
mm zoom lens equipped witl a plus 4 portrait lens, an Art Beani-Lite 75 illuminator,
an X-Y Platform. and z supnorting shelf. -

The TV monitors are symmetrically placed on eitherside of the down-pointing
camera and rest on shelves that are normally kept at a height of 11% in. above the
supporting shelf. They may be pulled toward or pushed away from the viewer over
a distance of about 8 in. (from about 4 in. to 16 in. behind the front edge of the
supporting shelf), and they may be raised or lowered slightly, although this is rarely
done."Each monitor is equipped with circuitry and controls that permit it (1) to
display an image with a normal or reversc . gray scaE“ and (2) to vary the location

.and height of an electromc window on the monitor screen.

The TV camera can be moved up and down for focusing over a distance of 27
in. by means of a reversible motor and lead screw, and can also be rotated about, its
optical axis. The latter motion permits it tc present an erect image of printeg or
handwritten material no mam@r what the orientation of that materlal is relative to
the supporting shelf.

The zoom lens may be used with or without its 1.5x or 2x extenders. Without
an extender, the image it and the camera produce on a 9-in. monitor has a linear
magnification of between about 1()’( and 6x. If linear magnifications in excess of 12x
are needed, the zoom lens is-removed, and a fixed focal length lens with a bellows
extender is.used in its place The Jatter can produce magnifications in excess of 30x.

The X-Y Platform rests on the supporting sheif below the camera and is used
for reading and writing, as described in Sec. IV of this report. The supporting shelf
is 60 in. long and 30 in. deep, and its upper surface is 29 in. above the floor.

This instrument is basically the one that was used throughout the informal
testing program described in Sec. V. However, it did undergo some changes during
the test period. .

During January and part of February 1971, we operated the mstrument with

cither room illumination only or with additional illumination provided by four
. ’
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150-w dichroic spot lamips located about 3 ft above the supporting shelf and con-
trolled by a dimmer switch. In mid-February 1971, we installed two Bausch & Lomb-
illuminators (Cat. No. 31-35-0) and worked with them until we installed the Art
Beam-Lite 75 in June 1971. The illumination available from the Art Beam-Lite 75
is remarkably uniform, with a maximum effective intensity of 50 footcandles.

The camera mount in use throughout most of the test program did not permit
rotation of the camera about its optical axis, but rather permitted limited rotation
about another vertical axis. This had the eflect of producing an erect image on a TV
moniter for X-Y Platform orientations that favoréd right-handed persons, particu-
larly with respect to writing.

At least one monitor was equipped with an cloetronic window in the spring of
1971, and at least one had contrast reversal capability before May 1970.

Figure 1.vin Sec. IV shows RANDSIGHT I as it appeared in the early spring of
1971. ‘
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Appendix C
MONITOR ELECTRONICS{
/*\

In our initial attempts to provide contrast reversal, we looked at the circuits of
both the Shibaden HV-15 camera and the Shibaden MV-903 monitor. The easiest
place to accomplish contrast reversal appeared to be at transistor Q7 in the Shibaden
monitor. Initially, this transistor was used as a straightforward emitter-follower,
with a voltage limit provided by the action of capacitor C-15 and resistor R-21 in the
collector of this circuit. The initial circuit is shown in Fig. 13a. This was then

modified by reconnecmf?ng C-15 through 470 ohms to the emitter of Q7 and changing

the value of R-21 so that a signal of equat magnitude appeared at the collector as
well as at the emitter of this transistor. The circuit now functions as a rather typical
split-load phase inverter, in which a signal of opposite polarity to the input signal
appears at the collector, and a signal of the same polarity appears at the emitter—

- points A and B, respectively, in Fig. 13b. By incofporating a switch that permits one
' 'to choose either point A or point B as the signal source for the following stage, one
can obtain either reversed or normal contrast in the image seen on the television

screen. This works fine for the normal video portion of the signal. However, during
synchronuat)on time, both horizontally and vertically, the signals that are normally

at blanking or black level were inverted and appeared as an intense white level

signal applied to the following stages. This caused a brightening of both horizontal

" and vertical retrace lines, which appeared 4s a fuzzineés in the background-during

horizontal retrace and as a series of about seven or elght diagonal linés across the
screen during vertical retrace time. This was eliminated by picking' up aanate
signals elsev’here and applying *hem as additional blankmg signals durmg contrast
reversal.’ :

An acceptable vertical blanking signal was found by observing that the emitter
of transistor Q9% had a large positive signal during the vertical’ synchronization
interval. This signal was coypled through the capacitor and resistor network, shown
in Fig. 14a, in order to provide scme control of the duration of the output pulse. For
example, by increasing the value of the ¢npacitor from .047 to .068 mfd, one could
increase the length of the blanking pulse that appeared at the collector of transistor
Q!: This signal was coupled through a 1000-chm resistor to the collector.oftransistor
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Q7. Note that in going through transistor Q1 in Fig. 14a, the polarity of the signal
is inverted so that the positive pulse applied at the input to this cirduit appears as
a negative signal at point A,

In asimilar fashion, a horizontal blanking pulse was obtained from the emitter
of transistor Q17. Becausp this pulse is of fairly high voltage, a resistance divider
L network, comprised of & 470-K resistor in series with a 22-K resistor, is used to

o T

attenuate the signal before it is applied to the base of the transistor shown in Fig.
I4b. The output of this transistor is coupled through a 1-K resistor to point A, as was
done with the vertical blanking pulse. Appropriately connected diodes might be used
in place of R-3 and R-4.

The switch used for selection of either point A or B as the source for signals to
the succeeding stages is mounted on the rear of the monitor case to keep the wires
| involved as short as possible. The final circuit with the changes described above is
shown in Fig. 15. Its operation is as follows. .

For normal contrast, the switch is in position B-B’, providing a signal with
appropriate blanking as supplied from the camera to the videq output stage. No
further changes or additions are required. For contrast reversal, the $witch is con- .
nected to point A-A’, where, as previously described, both the video as well as the
blanking information from the camnera are inverted. Thus, instead of blanking, the
signal will tend to make the screen go bright at the time that retrace operations are
occurring; however, at the same time, signals taken from the other points shown in
Fig, 15 will turn transistor Q1 and Q2 on, that is, to a highly conducting state. These

pull the signal, appearing at the collector of Q7, down to approximately the
normal blanking level. When these signals #re not on, that is, when blanking is not

+

)

v

{

~

———=~ To other vertical sync circuits j

To Point A
—®= of Fig, 13b

5
verticgl blanking '
- Fig. 14da—Schematic olf'qir(_juit"showing yertical blanking n.odifications
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v &
Fig. 14b—Schematic of circuit showing horizontal blanking modification

occurring, transistors Ql and Q2 are in eﬂect open-circuited, and the resistors R-3
and 'R-4 hate no effect on the signal.

Although this approach was the easiest one to impiement at the time, it is not
the most effective. It would be much better to accompl.sh this function in the
camera, so that contrast reversal would be available in the RF output of the camera.

Thu.,. contrast reversal -would be aVailable with an ordinary television receiver.

Further, if two or more monitors are being used simultaneously, the monitor circuit

chang-g must be made in eac . If cantrast reversal were carried out in the camers, ~
a circuit change would have Yo be made only once.

An electronic window was later added to our Shiba1en monitors. The effect of
the window is to turn video off, except for a controlled period of time, so that portions -
of the top and the boitom of the screen are’blagked o 1t. This is accomplished by the
circuit shown in Fig. 16. The negative going vertical sync pulsg, appearing at the

()Hector of Q9 is coupled through C-7 and triggers the monostable multnvnbrdtor MI
inté an “on” state, during which the output on pin 1 is up. it r :mains in this “on”
state untif time T1, detelimned by thé value of R-1 and C-1. At that time, M1 turns

i pnd M2 turns on because the signal applied to pin 5 of M2 is negative going. M2
. stays ol until time T2 is determined by R-2 and (-2 and tHen it goes off. The signal
-on nin 6 is'oft when M2 is on and vice versa; therefore, on going through transistor v
Q3. it is applied as a blanking pulse to the output, of Q7 as previously described.
. Thus, planking occurs after vertical sync until time T1, when the video signal >
is unblanked. At.time T2, blanking oceurs dgam until the entire sequence is re-
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peated, namely, when ve. tical sync occurs again.' R-1 and R- 2 are variable resistors
mounted on the rear cover of the monitor, so the viewer b reasonable access to
them. By varying R-1, the entire window moves up-or dov.n while R-2 changes the
height of the v.iadow. ' o s

To slow up the turr-on and the turn-off of the window so that these transitions
occur over several horizontal scan lines (i.e., the " Soﬂ windov. " described in Sec. V1,
R-5 and (-5 in Fig. 16 were introduced.

' Nate that, with “he electronic window. vertical blanking is not.re quired slnu- window blanking
overlaps vertical blanking.



~diferential amplifier Q2-Q3, provides a negative output‘at point A whenever the

Appendix D

-

VIDEO INFORMATION PROCESSOR CIRCUI’I‘ DETAILS

'
¢

~
u

Some of the electronic details of VIP are shown in Fig. 17. At the input, the DC* =~

. restore circuit diode D1 keeps the'sync level at ground (in reality, at about .3 v due

to diode gap voltage) to compensate for cameras that have an AC-coupled output
The. emitter-follower Q1 _1solates the input and drives the following stages. The
input signal falls below the v,:uue determined by the setting of potentiometer P1, .
which is normally set so output occurs when the input levelf falls to bl'ankmg poten- ’
tial. Thus, the negative pulseat.A is as long as the entlre blankmg interval, either
horizontal or vertical. . \ :
. The vertical detect.r develops an output pulae only ‘when a vertical blankmg

signal is present and ignores the shorter horizontal pulses. The signal at point A'is’
also used to contiol the twe video switches V1 and V2.When %in 2 of V1 is up, that
is, at a posibive voltage greater than about 3 v, the sngnd appearing on pin 1 is
proportional to the dlff'ex‘ence betwenn the signals applied, to pins. 3 and *4. The -
negatlve of the vo]tage appearing on pin 1 will ajspear on pin 7 prov1dmg aninverted

" video signai. When pin 2 i 1s down (less than 3 v), the difference between the voltages

on pins 5 and 6 will appearon pin 1 and-its negaiive value on pin 7. Because pms ' ‘
5 and 6 are grounded, the zutput from V1 is zero at that time. Thus V1 hasarn output -
(and its negative value) only during the time video information is present, ard it has
no output durmg horizontal or vertical b]ankmg mtervals P2 can be used to vary
the DC output leve] of the video-signal. - X : ‘.
The video switch V2, however, has zero output when v1deo mf‘onnatlon is pre-.

W
sent because pins 3 and 4 are grounded, and it picks up the incoming sync and' o

‘blankingsignalson-pins 5 and 6 v)hen the gate on pin 2 is down. Thus, the incoming ' PR

signal has ! 2en separated into two paths—one containing image information, the
other contai ing only syncand blankmg%ngna\ls Switch S1 select either th’> normal
contrast or reverse contrast. Potentiometer P3 can be used to select the amount of
video signal to be-applied to V3, thus providing an addltlona] range of contrast

-enhancement. By separatmg the imag= and sync 51gna]s various kmds of processing

can be carried out-on one w1thout affecting the other

.
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: : ‘. Video switch V3-is used o mix the processed video fromn V1 and the blanking

. and sync information from V2. Potentiometers P4 and P5 set the corresponding DC = _ , .
levels i in the resultant composite video on pin 1.0f.V3. This signal, is then coupled P

g‘f».‘ ) . .' S to the emltter-foHower Q5 that is used to dnve t}-e 75- ohm cable leang to the , - ' ‘
RN monitor. N
b - ' To obtain the electronic wmdow multivibrator.M1 is tn{,gered on by the verti- '
' ‘ cal blankmg signal, Q;nd it stays on.until time T1, determmed by the setting of P6,

when it goes off. Flip-flop FF1 goes on w Hen M1 goes of! .and FF1 remains on. - \
Multivibrator M goes gh when both FF1 is on and a horizontal pulsg oceurs. When
M2 goés on, it turns off FF1. M2 stays on until time T2, detérmined by the setting:

- " of P7. Logic glements G3 and G4 ensureu;at the output gate from ¥F2 goes on and )
s - ofl'at the-negt horizontal ¢ sync time agter T1'and T2, respectively. With switch S2 i
in the n‘;)&,vmdow pncltu 2, the actidn of V3 is as.previously described. With S2 m’j . LY
the win pesition, V. contmues to delect only sync signals until time T1, whe}) _ L
v ~ sync and video are both selected. At tlmejz only sync signals aggagain selected ' . |
. S P2, P4, P5, and P8 must all Le adjusted to provide 2 balanced tevel. for th S
romposite vxdeo blgnal at the'output This adjustment i is best done with-an oscxllo- ) } s . |
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